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INTRODUCTION AND OBJECTIVES 
Animal manure is now looked upon as both a resource that can be 
used to produce energy and an excellent source of plant nutrients—but 
the past 10 to 15 years have seen many changes. During the early 
I960's, lagoons were constructed with the idea that they would solve 
most of the problems related to livestock waste disposal; instead some 
new problems evolved. Anaerobic lagoons became associated with 
obnoxious odors, while strictly aerobic lagoons were discounted in 
favor of mechanically aerated systems because of the extremely large 
surface area required. 
The emerging energy shortage now could eliminate aerobic treatment 
systems for agricultural use entirely if energy that can be produced by 
anaerobic digestion of animal wastes becomes economically attractive. 
At the moment, however, these energy-producing systems require a 
management level too high for individual livestock producers to 
voluntarily assume. 
Confinement animal waste management is composed of several primary 
and secondary unit processes that fit together to make a usable system. 
The primary wit processes usually are separation of the manure from 
the animal, transport of the manure out of the building and away from 
the animal, treatment, storage, and application to the land (Figure 1). 
As in any system, animal waste management is only as good as the 
weakest unit process. If urine and fecal material cannot be adequately 
separated from the animal, for exan^le, then the system fails. 
Likewise, the system fails if the storage facility is not large enough 
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Fig. 1. Primary unit process in livestock waste management 
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or the treatment is inadequate. 
The separation and transport techniques developed at Iowa State 
University are, perhaps, unique. As a species, pigs are both 
intelligent and clean. It was found that, if given the opportunity, 
they will generally confine their defecation to open flushing channels 
along each side of the confinement building. Hence, the manure can be 
collected by these open channels and then separated from the pigs and 
building by hydraulic transport by use of liquid that is recycled from 
an anaerobic stabilization pond and periodically discharged into the 
channels with dosing siphons. 
The waste management system just described has been in operation 
for more than 10 years. Only during the past few years, however, has 
controlled disposal of the excess lagoon effluent been demanded. This 
dissertation reports on land application of the excess fractions from 
the recycling system (the first unit process) because this will 
probably be the most widely accepted disposal method in the visible 
future. Since proper land application depends upon a unified 
management system such as illustrated in Figure 2, the later described 
research had as its goals 
a. To evaluate the ability of agricultural land to serve as a 
receptor for the application of anaerobic swine wastes when the 
land is utilized for feed-grain production. 
b. To appraise concentration differences of nutrients in leaf 
tissue and grain tissue when liberal amounts of anaerobic 
lagoon effluent are applied to growing plants—specifically 
T R A N S P O R T  
R E C Y C L I N G  
SEPARATION 
TREATMENT 
MANAGEMENT 
EFFECTIVE 
WASTE 
LAND 
D I S P O S A L  
STORAGE 
Fig. 2. Multiplicative relationship of livestock waste 
management 
corn and soybeans. 
To appraise short-term differences in soil characteristics 
when liberal amounts of anaerobic lagoon effluent are applied 
to cropland. 
To evaluate the nutrient relationships between the anaerobic 
lagoon sludge and the anaerobic lagoon liquid when in apparent 
equilibrium. 
To relate these findings to prior research on this and other 
parts of the system; i.e., the anaerobic lagoon, the land 
application site and the swine confinement building (Unit K) 
at the Swine Nutrition Research Station. 
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REVIEW OF LITERATURE 
Behavior of Soils 
The soil can be described as a three-dimensional, anisotropic, 
chromatographic column having the capability to selectively remove 
solutes from a percolating solution. 
The properties of soils are due principally to the properties of 
the colloidal fractions. In the inorganic colloidal fraction, the clay 
minerals plus the amorphous and crystalline oxides and hydroxides are 
the principal components that determine the properties of soil systems. 
In the organic fraction, humus is the most irçortant colloidal 
constituent. 
Ion exchange is probably the most important action of the system. 
Clay minerals and other colloidal materials can undergo both cationic 
and anionic adsorption. Grim (1962) reported that cation exchange 
capacities of colloids are due principally to three causes: 
(1) The substitution of aluminum for silicon and magnesium for 
aluminum (80 percent of the cation exchange capacity) 
(2) Broken bonds along the edges of silica-alumina units 
(3) Exposed hydroxyls around edges of layers 
Grim (1953 and 1968) listed five factors affecting the replaceability of 
cations : 
(1) Effect of cation concentration. An increased concentration 
of the replacing cation causes greater exchange by that 
cation. 
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(2) Number of exchange positions. Replaceability depends in part 
on the nature of the complementary ions populating the 
remainder of the exchange sites and also on the degree to 
which the replaced ions saturate the exchange spots. 
(3) Nature of the anion in the replacing solution. 
(4) Nature of the ion. The volume, ionic size, and polarity of 
the ion influence the ease by which ions are replaced. In 
general, the higher the valence of the ion, the greater its 
replacing power and the more difficult it is to displace when 
present in clay. 
(5) Nature of the clay mineral - a separate replaceability 
series exists for the various types of clay 
minerals. 
Botcwer (1972) listed problems with predicting infiltration rates 
for disposal fields. He concluded that the best way to determine the 
infiltration rate for land disposal is through field trials. 
"Potential" infiltration rates determined with tap water or similar 
water only served to indicate the maximum application rate that could 
be attained. The performance of land treatment systems for disposal of 
a certain liquid waste depended on local conditions of climate, soil, 
hydrogeology, and method of wastewater application. 
Miller (1966) describes factors that should be considered when 
sprinkler irrigation is used for applying wastes to the soil. Soils 
vary widely in drainage and in the amount of water that can be applied 
in a given period of time. Maintaining good plant cover on the soil 
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surface helps prevent the soil surface from puddling and flowing 
together. 
Behavior of Nitrogen in Soils 
Many experiments have been conducted to determine the ability of 
the soil to remove nitrogen when varying quantities have been applied. 
Usually all of the nitrogen in leaching water is in the nitrate 
form. This is to be expected because other nitrogen forms are rapidly 
converted to nitrate and the nitrate ion is weakly held to the exchange 
complex. 
Phosphorus in Soils 
For purposes of waste disposal, the quantity of phosphorus that 
soils are capable of fixing is important. The greater the phosphorus-
fixing capacity, the longer a disposal site can continue to operate 
without toxicity problems. Bear and Toth (1942) reported that a Coastal 
Plain soil has a phosphate-fixing capacity of 125 tons of 20 percent 
superphosphate per acre-furrow-slice. The greatest phosphorus fixation 
capacity was in the top 6 inches of the soil. 
Salinity 
Excess salinity in agriculture is a composite of several problems, 
all created by irrigation water solutes, that include: 
(1) Total dissolved solids (TDS) which presumably act to limit 
plant growth by affecting the soil solution osmotic potential; 
(2) Alkalinity which is, chemically, a reflection of the amount 
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of exchangeable sodium present and, physically, a condition 
of poor soil structure resulting from low soil hydraulic 
conductivity and inadequate aeration; and 
(3) Boron and other toxic ions, which are usually present in 
minute quantities but act directly on plant metabolism. 
Waters are classified on the basis of electric conductivity (EC) and 
the sodium adsorption ratio (SAR). 
Four soil classifications are used, ranging from nonsaline-
nonsodic to saline-sodic, based upon the electrical conductivity of the 
soil saturation extract, soil pH and exchangeable sodium percentage. 
Land Disposal of Sewage 
Thomas (1973) categorized current practices for land disposal of 
municipal wastes into three techniques: (1) irrigation, (2) overland 
flow, and (3) infiltration-percolation. 
Land application of sewage effluents began, however, long before 
the complex technology of today's treatment systems was developed; for 
example, municipal wastes were used to irrigate farmland in Athens, 
Greece before the birth of Christ. Since then, sewage farming has 
become widely practiced in South Africa, Australia, Mexico, Europe and 
the United States. 
Irrigation is the controlled discharge of wastewater, by spraying 
or surface-spreading, onto land to support plant growth. It is, 
perhaps, the most important to agriculture. Wastewater is "lost" to 
plant uptake, to air by évapotranspiration, and to groundwater by 
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percolation. Application rates depend upon the soil type, the type of 
crop, the climate and the topography. Renovation of wastewater occurs 
generally with passage through the first 2 to A feet of soil. 
Irrigation has been used to renovate wastes from the food processing 
industry, the pulp and paper industry, tanneries, animal feedlots, and 
dairies. 
The second type of land application used for waste disposal 
(overland flow) is the controlled discharge, by spraying or other 
means, of effluent onto the land so that a large portion of the 
wastewater appears as runoff. This type of system requires that the 
site slopes be between 2 and 6 percent and that the slope be uniform. 
Grass is usually planted to provide a habitat for the biota and to 
prevent erosion. As the effluent flows down the slope, a portion 
infiltrates the soil, a small amount evaporates and the remainder flows 
to collection channels. 
Eisenhauer et al. (1973) described some experiences with a 
spray-runoff system for treating beef cattle feedlot runoff. As high 
as 90 percent mass reduction of BOD^ and 90 percent reduction of 
nitrogen was obtained using the spray-runoff system. Thus, treatment 
did occur from the spray-runoff system, but not enough for direct 
release of the effluent to the environment. 
The third technique is that of infiltration-percolation. This 
process was developed primarily for groundwater recharge using 
municipal effluents and industrial wastes, and has little application 
in agriculture. 
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The following paragraphs are representative of the literature on 
disposal of municipal sewage to agricultural land. 
Day et al. (1972) reported on the effect of municipal effluent on 
soil over a 14-year period. Soil irrigated with only wastewater 
effluent and no additional fertilizer was compared with soil irrigated 
with well water and fertilized with recommended amounts of N, P and K. 
Chemical analyses were made for pH, soluble salts, nitrates, 
phosphates, calcium plus magnesium, and organic matter. Both 
wastewaters and well-irrigated soils showed a higher concentration of 
soluble salts, nitrates, phosphates, and calcium in the Ap horizon than 
in the C horizon. Also, the C horizon of the soils irrigated was of 
higher pH than the Ap horizon. Irrigation with wastewater effluent for 
14 years did not decrease field crop yields or result in any adverse 
conditions that could not be corrected with minor changes in field crop 
culture. 
DeVries (1972) considered the effects of pore clogging when 
domestic wastewater is applied to sand filters. Domestic wastewater 
was applied to sand columns daily for 240 days. There was no evidence 
of filter failure because of a deterioration of the soil's physical 
properties. Renovation of wastewater effluent, as measured by BOD and 
phosphate removal, was close to 100 percent with a fine sand filter. 
Treatment with medium Ottawa sand resulted in only partial renovation. 
Graveland and Milne (1971) reported on a laboratory study of the 
effects of irrigation with municipal sewage. Effluent from an aerobic 
lagoon was applied to soil columns. The concentration of nutrients 
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increased in the surface 30 cm of the soil column. Salinity increased 
but not to the extent that plant growth was affected. Eighty percent 
of the applied phosphorus was removed. 
Routson and Wildung (1969) described the soil as a highly reactive 
system which can bind or alter the composition of waste solutions added 
to it by ion exchange capacity, buffer capacity, filter characteristics 
and microbial transformations. They report that the relative 
selectivity of typical low field strength clay minerals for any given 
ion is a function of ion valence and hydrated size. Selectivity 
usually follows the order m"*", for ions of increasing valence 
and increases with decreasing hydrated ion size. Thus, the expected 
order of selectivity for clay minerals is 
Na"*" K"^  Mg^ "*" Ca^ "*" Sr^  ^ Al^ "^  
Day and Tucker (1960) found that fields of barley, wheat and oats 
irrigated with sewage effluent produced an average of 10.8 to 12.7 tons 
of green forage per acre. Synthetic sewage was compared with sewage 
treatment plant effluent in order to check for harmful effects of the 
detergents and salts in the latter. Lowered yields with barley 
indicated that it was sensitive to sewage treatment plant effluent. 
Henry et al. (1956) reported on the results of cropland application 
of packing plant effluent from the Oscar Mayer and Company packing plant. 
Virtually all of the nitrogen, phosphorus, and potassium were removed 
from the percolating water. 
The Springdale Farms poultry dressing plant, Springdale, Arkansas 
is located in a heavily populated rural area (Bell, 1955). Initially 
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five lagoons were constructed, but complaints of odors persisted and an 
irrigation system was installed. A 20-acre site is used to dispose of 
a maximum single application of 22,000 gallons of water. The maximum 
total application per year is about 10 inches. In this 
particular case, cost of operation has been a small item. It 
requires 16 hours per week to move laterals to perform the regular 
cleanup of various tanks and screens. 
Drake and Bieri (1951) stated that factors such as rate of soil 
absorption, quantity of waste, contour of land, pumping requirements, 
land available and rainfall must be considered to determine whether 
irrigation is feasible. Sometimes the following are undesirable 
results of irrigation disposal: 
(1) Groundwater contamination 
(2) Odor from spray irrigation 
(3) High cost when pumping a long distance 
(4) Gradual deterioration of the soil structure 
(5) Introduction and spread of plant disease 
If the soil and the plants do not adequately remove nitrogen, then 
nitrates may contaminate the groundwater. The treatment of a waste may 
result in an effluent that gives off noxious odors when the waste is 
distributed by a sprinkler irrigation system. Deterioration of the 
soil structure from prolonged irrigation is greatly dependent upon the 
prevailing climate and the plant disease factor is substantially 
dependent upon the type or absence of treatment prior to use of the 
effluent for irrigation. 
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What, then, does the literature indicate are the important 
parameters related to land disposal of liquid wastes? Organic and 
ammonium nitrogen are the principal nitrogen forms applied to the land. 
Organic nitrogen is filtered out by the soil matrix and mineralized. 
The anmionium ion participates in ion exchange. While in the ammonium 
form, nitrogen is stable in the soil matrix and will not be leached 
rapidly. 
Phosphorus is another important parameter. Most of the phosphorus 
is in infiltrating liquid and held in the top 6 inches of the soil 
profile. 
Heavy metals are retained in the soil matrix by adsorption and ion 
exchange. They are also taken up in small amounts by plant and 
microbial cell synthesis. Under low soil pH conditions, heavy metals 
can be leached out of soil systems. 
Soils are being considered extensively as disposal systems for 
liquid municipal wastes because the natural chemical and biological 
processes can be used for purification. Filtration of wastewater 
through the soil removes most of the biological material and fecal 
microorganisms. Unremoved nitrogen in the filtrate, however, will 
eventually end up in the groundwater. As soils contain an abundance of 
denitrifying bacteria that either use oxygen as an electron acceptor 
under aerobic conditions or nitrate in the absence of oxygen, both 
nitrification and denitrification may occur in an essentially 
aerobic profile because of the presence of anaerobic pockets. Growing 
plants on the land vhere wastewater is applied is an effective way to 
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reduce the nitrogen content of water because nitrogen taken into the 
plant tissue is removed from the system when the crop is harvested. 
This method generally is unsuitable for large urban areas, however, 
because of the large land area and skillful management needed 
(Lance, 1972). 
Wentink and Etzel (1972) studied the soil as a treatment tech­
nique for removing metallic ions because its cation exchange capacity 
offers this possibility. However, the rate of cation exchange varies 
with clay mineral type, the nature and concentration of the cations, 
and the nature and concentration of anions. Laboratory experiments 
were conducted, therefore, to determine the effectiveness of Chalmers 
silty clay loam, Elston loam and Xenia silt loam to remove chromium, 
copper, zinc, and combinations of chromium, copper and zinc. The soil 
effectively removed chromium at concentrations of 300 mg/1 with all of 
the soils tested, copper was removed completely after an initial 
conditioning phase, and zinc was removed at concentrations up to 
300 mg/l at efficiencies of 99.7 percent. 
Thomas et al. (1966) used both laboratory and field lysimeters to 
investigate the location and nature of soil pore clogging caused by 
spreading sewage. The infiltration rate loss exhibited three phases: 
Phase I - a slow reduction under aerobic conditions; 
Phase II - a rapid reduction under anaerobic conditions; and 
Phase III - a further gradual decline under aerobic conditions. 
The primary location of clogging was the 0-1 cm depth of soil. 
Dye (1958) reported on health aspects when sewage is applied to a 
16 
growing crop. He recommends that raw sewage should never be used on 
any crop for human consumption because of the possibility of disease 
transmission; also, preferably, only treated wastewaters should be 
applied to land producing feed and pasture crops used for animal 
consumption. 
Municipal Sludge and Its Effect on the Soil and Vegetation 
The application of sludge to the soil has been of growing interest 
both in the United States and in Europe. Most of the research related 
to sludge disposal in the United States has been sponsored by the 
Environmental Protection Agency. Projects have varied from land 
reclamation studies to the development of sludge transport and 
distribution systems. 
Murphy et al. (1973) summarized some recent studies conducted by 
the Chicago Metropolitan Sanitary District in their search to find a 
long-term solution to the disposal problem of a massive volume of 
sludge. The report describes the use of sludge for reclamation of acid 
strip mine areas and of a former land fill. 
Hinesly et al. (1972) found that furrow irrigation of 
anaerobically digested sludge significantly increased com yields 
during the 1968 to 1972 growing seasons. During this 4-year period, 
the amounts shown in Table 1 were applied. 
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Table 1. Total plant macronutrients, total plant essential 
micronutrients, minor elements, and additional total minor 
elements (lb./acre) 
Total plant Total 
Total plant essential Minor minor ^  
macronutrients micronutrients elements^ elements 
Total-N 13,140 Fe 13,140 Na 540 Pb 410 
NH^-N 5,770 Zn 1,850 Cr 1,150 Eg 0.14 
P 7,540 Cu 480 Co 1.1 Cd 130 
K 1,140 Mn 160 Se 1.4 Sn 16.4 
Ca 8,920 Mb 0.4 Ni 116 
Mg 2,580 B 16 
S 1,010 CI 2,020 
^Essential for animals but not for plants. 
^Not considered essential for either plants or animals. 
Data were also gathered on macroelements and microelements in the 
com ear leaf at tasseling and in the grain taken when harvested. In 
the ear leaf at tasseling, N, P, Ca, Mn, Zn, Cd and B increased 
significantly and Mg decreased with sludge treatment. Grain produced 
on the same plants showed fewer significant differences with only K, 
Zn and Cd increases associated with sludge treatment. The study can be 
sumoarized as follows: 
1. A favorable com yield response can be expected with 
relatively heavy sludge applications in a year of normal 
weather conditions. 
2. Trace elements added as constituents of sludge have not 
presented a toxicity problem detectable either by tissue 
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analysis or pathological symptom. 
3. Com plants did not accumulate toxic levels of trace elements. 
In an earlier publication, Hinesly (1970) describes land disposal 
of municipal sewage wastes as the least expensive when compared to 
storage in lagoons, ocean dumping and drying on sand, but concludes 
that not all of the digested sludge can be utilized as fertilizer. For 
treatment plants that process several million gallons of sewage daily, 
the main emphasis may be on disposal rather than utilization. Hence, 
the need to determine the impact of continuous sludge disposal in terms 
of the possible toxic effects that trace metals may have on the 
environment. 
Hinesly and Sosewitz (1969) gave the following criteria for land 
disposal of digested sludge following experiments in which soybeans. 
Reed canary grass and grain sorghum were grown in lysimeters. 
1. Sludge shall have a pH of greater than 6.7. 
2. Volatile solids of applied sludge should be no greater than 
45 percent wherever possible. 
3. Application of sludge should be made in such a manner that 
sludge will drain and dry as rapidly as possible. 
4. Provision should be made to cover sludge if nuisance odors 
developed. 
Soils, crops and leachates were analyzed for nutrients and trace 
elements. The study also included effects of salts and ammonia on 
germination. All of the crops tested responded favorably to digested 
sludge. Odors and flies were not a problem, but sludge application 
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rates in excess of amounts needed by the crop increased nitrate levels 
in drainage water. 
Dean (1973) discusses the options available for land disposal of 
sludge and sewage. On the basis that soil can assimilate 20 tons of 
sludge solids per year, he reasons that a town of 100,000 people will 
produce 10 tons of dry sludge per day and will need 180 acres to take 
care of all their sludge. He points out that while the required 
treatment is reduced, the use of the land for treatment and disposal of 
wastewater involves substantial problems in transportation. Also, the 
content of minor elements should receive particular attention. For 
example, crop yields were depressed on a Paris, France sewage farm by 
an excess application of zinc, an element essential for plant growth. 
The toxic effects of zinc, cadmium, copper, nickel and lead can all be 
controlled by suitable treatment with lime. Heavy metals are found in 
the soil where they may reach toxic levels. Similarly, insoluble 
minerals are conserved by the soil and eventually raise the salt level 
to toxic concentrations. 
The Swedish National Board of Health and Welfare recently made 
recommendations for the use and handling of sewage sludge as fertilizer. 
Recommended application rates are based on the results of studies of 
heavy metals in sewage sludge from approximately 100 Swedish treatment 
plants (Table 2). 
Spreading of sludge, in conjunction with spring and autumn 
plowing, was judged the most suitable method for Swedish conditions. 
The recommended TnavlmiTn application is 1 ton of sludge (dry matter) per 
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Table 2. Levels of heavy metals in sludge from 
approximately 100 Swedish plants 
(Anon., 1973) 
Normal sludge^ Contaminated 
(g per kg dry weight) sludgeb 
Zn 1-3 g 10 g 
Cu 0.5-1.5 g 3 g 
Mn 0.2-0.5 g 2 g 
Pb 0.1-0.3 g 1 g 
Cr 50-200 mg 1 g 
Ni 25-100 mg 500 mg 
Co 8-20 mg 50 mg 
Cd 5-15 mg 25 mg 
Hg 4-8 mg 25 mg 
^onindustrial sludge. 
^Contained industrial sludge. 
year per hectare. Swedish authorities estimated 10 percent of the 
agricultural land would be needed for this purpose. 
Problems Faced by Agriculture 
A problem beginning to focus during the current transition to 
concentrated livestock production is that of high phosphate concentra­
tions which cause plant nutrient deficiencies. Though most of the 
research relating to phosphate-induced deficiencies has been conducted 
in laboratory studies, specifically, zinc deficiency has been observed 
with excessive concentrations of phosphate. 
Phosphorus-induced zinc deficiencies have been observed often and 
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affecting several crops. Burleson et al. (1961) reported on 
observations of phosphorus-induced zinc deficiencies in field com, 
sweet com and tomatoes. The authors concluded that phosphorus-induced 
zinc deficiencies were enhanced by cold, wet soils during the early 
part of the growing season. 
In field experiments with com and grain sorghum, Olson et al. 
(1962) found both negative and positive responses to phosphorus 
fertilizer. The positive responses were associated with low soil 
phosphorus levels and the negative responses with high soil phosphorus. 
Zinc concentrations in com plants were markedly reduced by phosphorus 
applications. 
Brown and Tiffin (1962) reported on the growth of 14 different 
plant species in Tulare clay. The crops grown were red kidney beans, 
okra, tomatoes, two varieties of com, two varieties of soybeans, 
barley, millet, lespedeza, dill, cocklebur, cotton, and wheat. This 
soil produced zinc deficiency in red kidney beans, okra, tomatoes, 
dill, cotton, and com. Barley, wheat, hawkeye soybeans, and millet 
developed no deficiency synçtoms. PI-54619-5-1 soybeans and Sericea 
lespedeza developed iron chlorosis on both the zinc-treated and 
untreated soil. Added phosphate accentuated both zinc and iron 
deficiencies. 
Stukenholtz et al. (1966) conducted greenhouse studies to 
determine the mechanism of phosphorus-zinc interaction. Their results 
indicated that the depressive action of phosphorus on zinc uptake of 
com is physiological and is expressed at the root surfaces and in the 
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root cells. Translocation of zinc from the roots to tops is inhibited 
by an elevated phosphorus concentration. Com seems to tolerate high 
concentrations of phosphorus in its tissues provided a modest quantity 
of zinc is present. Concurrently placed nitrogen promotes zinc uptake 
and at the same time benefits phosphorus utilization. Increased levels 
of potassium reduce the depressive effects of phosphorus on zinc. 
Adriano et al. (1971) found that with high phosphorus levels, com 
root growth was increased by high zinc, but was decreased by 
deficiencies of other nutrients. The most marked interaction at high P 
levels was between iron and zinc, which mutually antagonized transloca­
tion more than absorption. 
Aldrich (1973b) concluded that if the rate of municipal application 
is restricted to that which will supply no more than 250 lb. of 
nitrogen, no phosphorus problem is likely to result either in yield 
effect or in exceeding the phosphorus capacity of the soil. Sludge 
application, he believes, is not likely to cause nutrient imbalance 
because sludge contains all of the secondary and micronutrients. 
Pesek (1973) described the soil as ultimately becoming the 
recycling agent for almost all of the solid and liquid wastes generated 
by terrestial organisms. Animal wastes contain considerable amounts of 
both nitrogen and phosphorus. Phosphorus cannot be easily removed from 
animal wastes and most farm manures will be applied to the soil. 
Although phosphorus is readily immobilized by soil constituents, the 
soil has a finite capacity to do so. Also, before the maximum 
capacity to immobilize is reached, zinc deficiency may be induced by 
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excess quantities of phosphorus. 
Vitosh et al. (1972) reported on efforts to optimize application 
rates of cattle manure to the soil. Nutrient content of com silage 
indicated that as the manure application rate increased, the zinc 
concentration decreased. 
Murphy et al. (1972) reported on accumulations of adsorbed 
phosphorus resulting from animal manure applications. Plant uptake of 
micronutrients such as Fe, Zn, and Cu may be lowered by high available 
soil P levels. Large amounts of available phosphorus can reduce plant 
absorption of other anions such as sulfate and nitrate. The movement 
of phosphorus is generally restricted to the top 20 centimeters of the 
soil profile. 
Aldrich (1973a) also reported that high levels of plant-available 
phosphorus may interfere with the uptake of ions such as zinc, iron and 
copper. He concluded that generalizations on phosphorus-retention 
capacity are unsatisfactory guides for manure applications on specific 
sites. 
Voss (1973) considered the effects of large amounts of phosphorus 
in animal wastes. He reported that experiments in Iowa have 
demonstrated the buildup of plant-available phosphorus from 
applications of fertilizer in excess of that removed by plants. 
Most of the literature related to phosphate-induced deficiencies 
supports the contention that phosphorus can induce zinc deficiency. 
Boawn et al. (1954) disagree. It is their belief that phosphate does 
not have an adverse effect on zinc absorption or utilization. 
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Toxicity 
There are many examples of metal toxicity in agriculture (Chaney, 
1973). Toxic amounts of Cu, Zn and Ni have accumulated in soils from 
fungicides, unneeded fertilizers and sewage sludge. Most toxicities 
have occurred under intensive agricultural practices, such as in 
orchards, vineyards, or vegetable fields. Correction is often quite 
expensive. These results are seldom relatable to disposal of sludge or 
effluent because of high organic matter and phosphorus in the land 
application sites. 
Spotswood and Raymer (1973) discussed some aspects of sludge 
disposal on agricultural land. The limiting factor in the disposal of 
sewage sludge, even when it is from domestic sources, is the toxic 
metal accumulation in the soil. Heavy metals, once added to the soil, 
will remain there almost indefinitely. 
Metal toxicity from application of sludge and effluent has been 
observed in England (Patterson, 1971), though generally it has 
occurred in unmanaged situations most favorable for toxicity: low pH, 
sandy soils and high metal sludges. In many instances liming to 
increase soil pH has been effective as a corrective measure. Many 
reports on toxicity are difficult to analyze because data are needed on 
soil pH, cation exchange capacity, organic matter, total and available 
Zn, Cu, Ni, Cd, Pb, PO^, and toxic metal contents of crops grown in 
comparison with control treatments. 
Copper toxicity in crops has often been observed and an excellent 
summary is given by Delas (1963). The toxicity of copper is greatly 
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influenced by soil pH. Smaller effects are due to organic matter and 
the clay content. Toxic effects have been reported in acid soils 
containing 100 mg/kg total copper. 
Webber (1972) discussed the effect of toxic metals in sewage on 
crops. Most of the toxicity synçtoms arising from the use of sludge 
appear to come from the presence of zinc, copper or nickel. 
Toxic effects of zinc have often been reported. Previous evidence 
(Hunter and Vergnano, 1953) indicated that liming reduced the harmful 
effects of zinc on crops. Analysis of crops grown in soils 
contaminated with zinc shows that the element is readily taken up and 
translocated within the plant. In general, it is not possible to 
diagnose heavy metal toxicity from the observation of crop symptoms. 
Toxicity in oats due to naturally occurring concentrations of 
nickel derived from serpentine rocks has been known for a long time. 
Toxic effects in most crops were reduced by lime and fertilizers. 
Nickel was the most toxic of the elements tested by Hunter and Vergnano 
(1953). 
Allison (1931) conducted studies that were set up to determine the 
effect of copper application on plants grown on peat and muck soils. 
Copper was applied at rates as high as 10,000 pounds of copper sulfate 
per acre. He indicated that a considerable portion of the copper was 
held in the top few inches of organic soils. 
Lundblad et al. (1949) studied downward penetration of copper into 
a peat and a sandy textured soil. After 6 years, all of the copper 
from application of 25 kilograms of copper sulfate per hectare remained 
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in the upper 5 centimeters of the peat soil. Only 0.2 percent of the 
copper migrated downward where 250 kilograms of copper sulfate per 
hectare were applied to the soil. Downward movement was slightly 
faster in a sandy textured soil than in the peat soil. 
Smith et al. (1962) reported that 50 percent of the copper applied 
at a level of 60 pounds per acre leached out of the surface 3 feet of 
Lakeland fine sand. 
Livestock Waste Situation 
Animal wastes present a tremendous materials handling problem when 
livestock and poultry are taken from the pastoral situation to the 
confinement situation. 
Laak (1970) described the magnitude of waste disposal faced by 
agriculture and estimated the corresponding land requirements 
(Table 3). The 1967 census estimated that 123 million 
Table 3. Land required for utilization of manure in an 
integrated land-livestock system (Laak, 1970) 
Approximate minimum com land requirements 
Livestock Crop utilization^ Pollution control 
ft2 
Broiler 250 120 
Layer 400 200 
Hog 7,000 3,500 
Feeder cattle 20,000 10,000 
Dairy cow 40,000 20,000 
^Assuming 150 lb./acre of nitrogen the maximum 
that can be applied. 
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cattle, 51 million, hogs, and 500 million chickens were on farms in the 
United States. This means that approximately 8.4 billion pounds per 
day of livestock manure are produced. By comparison, the total human 
excrement for 211 million people amounts to 0.7 billion pounds per 
day. Laak views the solution to animal waste disposal problems in 
regional manure disposal planning with manure crop utilization or in 
enlarging of livestock confinement systems to a size that can 
financially absorb more extensive treatment costs. 
A problem faced in dry areas of the United States is that of salt 
accumulation. Swanson et al. (1973) described this as the accumulation 
of soluble salts in the soil solution in excess of the exchangeable 
fraction. A study was initiated in 1970 on a Colo silty clay loam soil 
with crops of tall fescue and perennial ryegrass overseeded with ladino. 
Chemical analyses were conducted to measure salt accumulation in the 
soil. The authors reported that no detrimental salt or nutrient 
accumulations were found in the soil at the end of the test period. 
This study was conducted in eastern Nebraska where rainfall is 
plentiful and hence the salts were probably leached out of the soil 
profile. The authors concluded, therefore, that the water and nutrients 
in feedlot runoff effluent could be safely utilized by perennial hay 
crops. 
Other studies have dealt with the effects of various manure 
loading rates, comparing the effect of planting in manure mixed with 
soil against placement of seed above a manure layer (Goering et al. 
1971). Cattle manure was applied at the rate of 0, 35, 71, 105, 140 
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and 175 tons per acre. Germination was reduced with increasing rates 
of manure application. At high application rates, damage was greater 
when manure was mixed with the soil. Plant tissue analysis showed 
that, for plants grown on the soil-manure mixture, there was a 
consistent increase in uptake of nitrogen with heavier manure applica­
tion rates except for the two highest rates. No trend was indicated 
where manure was placed in a layer in the soil. In plants from the 
soil-manure mixture, there was a noticeable increase in phosphorus 
uptake at the higher application rates. No trend was evident for 
potassium. 
Agricultural safety must be considered along with agricultural 
waste disposal. Until a few years ago, most accidents associated with 
livestock wastes were of a relatively minor nature such as falls, 
hernias from lifting or a puncture wound inflicted by an improperly 
operated manure fork (Fletcher, 1971). More recently, people have 
drowned in animal wastes and others have died from hydrogen sulfide 
asphyxiation. Now there is concern about safely from explosion where 
methane gas is produced such as in anaerobic digesters. 
O'Callaghan et al. (1973) considered the effects of indiscriminate 
dumping of animal manures and put forth guidelines for the rationaliza­
tion of the management and disposal of manures on land in the United 
Kingdom. They concluded that animal manures are an integral part of 
livestock production which can be utilized with considerable benefit. 
Used in conjunction with chemical fertilizer for the growing of crops, 
they offer a consequent saving in the consurmtion of chemical 
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fertilizer. The safe loading capacity of manure on the soil must be 
considered as an integral component in the disposal cycle. 
Hazen (1973) presented a design summary of relationships in the 
hydraulic handling of animal wastes. Problems with pumping wastes from 
anaerobic treatment systems are discussed. The basic idea presented 
is that proper manure handling can greatly improve poor environmental 
conditions now existing in many confinement buildings. 
Anaerobic Lagoons 
Loehr (1968) described anaerobic lagoons as treatment systems that 
are organically loaded such that surface reaeration and potential 
photosynthetic activity are unable to maintain aerobic conditions. The 
purpose of anaerobic lagoons is the removal and destruction of organic 
material, not water purification. The one-cell anaerobic lagoon acts 
as a sedimentation unit so that solids gradually accumulate at a rate 
dependent upon the solids loading rate and the rate of solids 
stabilization, and the volume of solids removed by pumping onto the 
land. 
Pfeffer (1970) classified anaerobic lagoons as being similar to an 
anaerobic digester without environmental control in the anaerobic 
lagoon. Factors associated with their performance, such as heavy metal 
toxicity and ammonia, were also discussed. Heavy metals can completely 
stop gas production, for example. 
Hart (1970) questioned animal manure lagoons as an adequate 
treatment system. Ashcore (1966) and Willrich (1966) were among the 
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first to conduct basic research on lagoons for animal waste treatment. 
Ashmore compared small anaerobic test lagoons with a full-scale lagoon. 
Results of the test lagoons coz^ared well with the full-scale lagoon. 
Willrich presented design criteria for the use of anaerobic lagoons to 
treat swine wastes, based on his study of an anaerobic treatment system 
for a 700-head swine confinement unit. Data describing water quality 
were presented (Table 4) simmarizing the water quality data for 1964 
and 1965. 
Table 4. Water quality parameters (Willrich, 1966) 
Properties Raw waste 
First 
cell 
effluent 
Second 
cell 
effluent 
Reduction 
by 
lagooning 
(%) 
COD, mg/1 6,997 1,374 1,084 84 
BOD, mg/1 2,880 1,280 1,110 61 
Total nitrogen, mg/1 1,075 583 575 46 
Phosphorus, mg/1 109 — 59 46 
Potassium, mg/1 76 —— 45 41 
pH 8.4 7.8 7.7 — 
Total solids, mg/1 5,622 1,435 1,429 75 
Volatile solids,mg/1 4,506 710 701 84 
Added criteria given by Willrich are listed below: 
1. The loading rate should be 3.5 to 5.0 lb. V.S./IOOO cu ft/day. 
2. A loading rate of 5.0 lb V.S./IOOO cu ft/day means that for 
for swine a volume of 1 cu ft must be provided for each pound 
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of live weight (i.e. if the average weight per pig is 130 lb 
130 cu ft per pig is needed for adequate treatment volume). 
3. Sludge will accumulate at the rate of 11.3 cu ft per year 
per animal. 
Smith (1971) reported on the development of a recycling system 
using both aerobic liquid from an oxidation ditch and anaerobic lagoon 
liquid. Techniques for discharging large quantities of treated liquid 
for hydraulic transport of swine wastes and problems encountered with 
the recycling of anaerobic swine wastes were described. 
Koelliker (1972) reported on the renovation of swine lagoon 
effluent applied to land by sprinkler irrigation. Also described is 
an integrated livestock waste management system; i.e., separation of 
manure from the pigs, transport of the manure out of the building, 
treatment and storage, and land application of the residual. 
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DESCRIPTION OF FACILITIES 
Description of Unit K 
Unit K is a 700-head swine finishing unit that was constructed at 
the ISU Swine Nutrition Station in 1959 to reduce open lot feeding of 
swine to a minimum. 
There have been several changes since 1959. Presently the animals 
are floor-fed on the upper part of long and somewhat narrow pens. The 
floor slopes in the length dimension of the pens to open dunging 
channels located near the outside walls of the building. The animals 
eliminate in these channels which are periodically flushed. A detailed 
description of this system and its operation is included in the 
references by Hazen and Smith. 
There are some salient points that make the flushing system 
successful—narrow pens and high animal density force the pigs to use 
most of the space for feeding and lying down. Pigs generally will not 
defecate and urinate in an area where they are eating or sleeping, and 
the sound of water in the gutter during a flushing further encourages 
them to use the gutter to eliminate. 
Unit K Lagoon 
The lagoon serving the confinement building has been previously 
described. It was constructed during the fall of 1962 and put into 
operation in 1963. Willrich (1966) describes the system as initially 
constructed. Smith (1967, 1971) reported on many of the changes that 
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have since taken place. Koelliker et al. (1971) also reported on 
changes relating to the flushing gutter system. The lagoon measures 
267 feet by 106 feet and has a volume of about 100,000 cubic feet. 
The waste handling system is a hydraulic system that recycles the 
anaerobically treated lagoon effluent to transport the waste out of the 
confinement building. The excess lagoon liquid that results must be 
disposed of in some manner. The method chosen to be studied in this 
dissertation was land disposal because, as stated previously, this 
appears to be the technique most likely to be widely accepted in the 
foreseeable future. 
Description of Tile-Drained Plots and Undrained Plots 
The disposal site for the excess lagoon effluent encompasses about 
6 acres of poorly drained Clarion-Webster complex soil with a maximum 
slope of 4 percent. A part of the 6-acre site has 12 plots measuring 
40 feet by 60 feet that were intentionally tile drained so that drainage 
from each plot could be sampled during and after irrigation. Figure 3 
shows the layout of the plots. 
The remaining plots used for this research were also tile drained, 
but the exact location of these tile lines was unknown. Thus sampling 
of tile drainage flow was not possible. Figure 4 illustrates the plot 
layout used. Both com and soybeans were grown on each plot. 
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Fig, 3, Plot layout for tile-drained plots 
B L O C K  
T 3  T  I  T  4  
T4 
)  4 0  
S C A L E  I N  F E E T  
100 
T \  T 2  T 6  
/ 
/ 
/ 
/ 
/ 
T 2  T 6  T 5  
/ 
/ 
/ 
/ 
/ 
T 3  T 5  T 4  
/ / 
/ / 
T 3  T 4  T 5  / T 3  T 4  T l  / T 2  T l  T 6  
/ / 
/ / 
B L O C K  3  B L O C K  2  B L O C K  3  
Fig. 4. Plot layout for west plots 
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FIELD PROCEDURE 
Tillage, Planting, Cultivation and Harvesting Operations 
The seedbed was prepared by plowing, disking and harrowing before 
planting. After the seedbed was prepared, com (Pioneer 3388 in tile-
drained plots and Pioneer 3570 in the west plots) was planted in 
30-inch rows at a rate of 30,000 plants per acre. Immediately after 
planting, Atrazine was applied to the com plots at the rate of 3 pounds 
per acre for pre-emergence weed control. The com was cultivated once 
during the growing season for post-emergence weed control. Soybeans 
were planted in 30-inch rows (west plots) at a rate of 60 pounds per 
acre. They were cultivated twice during the growing season for post-
emergence weed control. Yields were determined by harvesting two rows 
out of the center of each plot for both corn and soybeans. 
Soil Sauçle Collection and Analysis 
Prior to the beginning of irrigation (1972), soil samples (tile-
drained plots) were collected with a soil probe to a depth of 24 inches. 
Samples were frozen until they were analyzed. Three samples were 
analyzed per plot and each sample was a composite of three subsamples. 
Samples were also collected in April 1973 and October 1973 before and 
after the second irrigation season. The samples were analyzed for 
carbon, nitrogen, pH, electrical conductivity and exchangeable 
potassium. 
Samples were collected from the west plots in October 1972. These 
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were taken from the surface 2 inches of soil. Five samples were 
analyzed per plot and each sample was a composite of three subsamples. 
The samples were analyzed for carbon, nitrogen, pH, electrical 
conductivity and exchangeable potassium. 
Water Sample Collection 
Water samples were collected at four different locations for 
analyses. Sanqjles were collected weekly from the anaerobic lagoon 
during the 1972 and 1973 growing season. The plots were sampled by 
using "catch cans" placed near the surface of the soil so that water 
was trapped, for analysis after irrigation with lagoon effluent. 
Porous cups were also installed in one block of the irrigated plots at 
depths of 6, 12 and 24 inches. The cups were sampled periodically and 
analyzed for COD, nitrate-N, ammonia-N, total phosphorus, chloride and 
pH. Finally, effluent from the tile drains, located about 4 feet 
below the soil surface, was sampled. 
The system of sampling permitted water samples from all locations 
to be analyzed for COD, ammonia-N, nitrate-N, Kjeldahl-N, total 
phosphorus, chloride, and pH. 
Irrigation Criteria 
The treatments that were applied to the various plots are listed 
below. 
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Tile-drained com plots 
Treatment 1—Check plot 
Treatment 2—Apply two inches of lagoon effluent when the soil tension 
reaches 400 mb, at the 12" depth 
Treatment 3—Apply one inch of lagoon effluent per week for a minimum 
of 1" of liquid per week 
Treatment 4—Apply two inches of lagoon effluent per week for a minimum 
of 2" of liquid per week 
West plots (com and soybean plots) 
Treatment 1—Check plot 
Treatment 2—Apply two inches of lagoon effluent per week, for a 
minimum of two inches of liquid per week, beginning in 
early June 
Treatment 3—Two inches of lagoon effluent will be applied when the 
soil moisture tension reaches 600 mb at the 12" depth 
Treatment 4—Apply two inches of lagoon effluent per week, for a 
minimum of 2" of liquid per week 
Treatment 5—Apply two inches of lagoon effluent when the soil moisture 
tension reaches 400 mb at the 12" depth 
Treatment 6—Apply two inches of lagoon effluent per week, for a 
minimum of 2" of liquid per week 
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LEAF AND GRAIN TISSUE ANALYSIS 
Introduction 
Although the soil can effectively remove large quantities of 
organic matter from waste water and plants can use applied nutrients for 
growth, when the nutrient concentration becomes too high, or if nutrient 
imbalances occur, retardation or even death of the plant can result. 
Similarly, uptake of nutrients into harvested plants used for feed can 
result in toxic reactions in livestock. 
Among the elements known to be toxic to plants are aluminum, 
arsenic, boron, copper, lead, magnesium, manganese, mercury, molybdenum, 
nickel, selenium, silver, and zinc (Meyer et al., 1963). Table 5 lists 
concentrations of these elements in diets that also can be toxic to 
cattle. 
Table 5. Nutrient levels in diet causing 
toxicity in cattle (Underwood, 1956) 
Iodine 100 ppm 
30 ppm 
500 ppm 
5 ppm 
800 ppm 
50 ppm 
30 ppm 
20 ppm 
40 ppm 
25 ppm 
Copper 
Zinc 
Selenium 
Manganese 
Chromium 
Fluoride 
Molybdenum 
Cadium 
Vanadium 
Na 
Potassium 
Iron 
500 gm/day 
8,540 ppm 
200 ppm 
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Procedure 
To check for undesirable increases in nutrient concentrations or 
nutrient imbalances caused by the application of lagoon effluent, tissue 
samples were taken at maturity from both the leaves and grain of the 
planted crops. These samples were analyzed for approximately 15 
different elements by arc emission spectrometry. During the 1972 
growing season leaf tissue samples were collected during the first week 
of September, and in 1973 the samples were again collected during the 
first week of September. 
Leaf samples opposite and just below the primary ear leaf were 
collected at random from each plot under consideration. Samples were 
wiped free of salt and soil, rinsed twice in distilled water, dried at 
65®C, and ground with a Thomas-Wiley mill. The mill was equipped with 
a stainless steel screen to reduce contamination from metals. The 
samples were shipped to the Ohio State University Agriculture 
Experiment Station's Spectrographic Laboratoiry. An analysis was made 
for P, K, Ca, Mg, Na, Si, Mn, Pe, B, Cu, Zn, Al, Sr, Ba, Mo, and N by 
kj eldahl. 
The corn from the plots was harvested during the first week of 
October, 1972-1973. Sançles were randomly taken from each plot, 
shelled, dried, ground, and prepared for analysis. The grain tissue 
was also analyzed by the Spectrographic Laboratory at the Ohio State 
University for P, K, Ca, Mg, Na, Mn, Fe, B, Cu, Zn, Al, Sr, Ba, Mo, 
and N by kjeldahl. 
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Yield and Plant Population Results 
Yield measurements were made on each of the plots in the study. 
Table 6 summarizes the amount of lagoon effluent applied, the plant 
population, and the average yield for each treatment of the tile-
drained plots. 
Table 6. Com yield, plant population, and inches of lagoon effluent 
applied to tile-drained plots - 1972 
Treat­
ment 
Yield 
(bu/acre) 
Plant population 
(plants/acre) 
Lagoon effluent applied 
(inches) 
1 148 20959 0 
2 150 21983 3.7 
3 140 21418 11.3 
4 137 18800 22.6 
The analysis of variance of the yield data indicated that the 
yield was not decreased as measured by statistical indicators. There 
was, however, a slight downward trend in yield with increasing rates of 
lagoon effluent applied. The plant populations also were not 
significantly different as measured by the analysis of variance test. 
Table 7 summarizes the com yield, the plant population of the com, 
the yield of the soybeans, and the amount of anaerobic lagoon effluent 
applied to the west plots in 1972. There was a trend to lower yields 
with increasing amounts of lagoon effluent applied. 
Table 8 summarizes the com yield, plant population, and inches 
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Table 7. Corn and soybean yield, com plant population, and inches 
of lagoon effluent applied—west plots - 1972 
Com Soybean Com Lagoon effluent 
Treatment yield yield plant population applied 
(bushels/acre) (plants/acre) (inches) 
1 135 55 20941 0 
2 139 51 20364 19.8 
3 ~ 129 57 19149 3.9 
4 121 52 19353 22.1 
5 135 51 20771 4.1 
6 120 51 21333 20.2 
Table 8. Com yield, plant population, and inches of lagoon effluent 
applied on tile-drained plots during 1973 
Lagoon effluent 
Treatment Yield Plant population applied 
(bushels/acre) (plants/acre) (inches) 
1 143 16790 0 
2 109 16509 4.1 
3 124 15758 11.5 
4 90 15238 24.6 
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of lagoon effluent applied to the tile-drained plots during 1973. The 
analysis of variance of the plant population data indicated that none of 
the plant population differences were significant. The analysis of 
variance test indicated that the differences in yield were statistically 
significant. 
Results of Leaf Tissue Analysis 
The raw data for all of the leaf tissue tests are included in 
appendices A and C. The variety of com (Pioneer 3388) planted was the 
same for both years on the tile-drained plots. 
Table 9 is a summary of the results from 1972. It illustrates the 
treatment means for each of the treatments and those means which were 
significantly different from the control treatment. Six elements, as 
Table 9. Effect of anaerobic lagoon effluent upon the leaf tissue of 
com® - 1972 (tile-drained plots) 
Treatment 
Element 1 2 3 4 
Phosphorus (%) 0.51 0.61 0.67^ 0.71^ 
Magnesium (%) 0.33 0.29^ 0.24^ 0.26^ 
Sodium (%) 0.03 0.07^ 0.11^ 0.11^ 
Iron (ppm) 166 187 210^ 251^ 
Zinc (ppm) 31 36 45 60t 
Aluminum (ppm) 148 192 218^ 270^ 
^Treatment means for com leaves opposite and below the primary 
ear shoot at physiological maturity of com grain. 
^Significant at 0.10 level. 
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indicated in Table 9, showed statistical trends using the analysis of 
variance test. Phosphorus, sodium, iron, zinc, and aluminum 
concentrations increased, but magnesium concentrations decreased with 
increasing amounts of lagoon effluent applied. 
Table 10 lists the elements that show statistical trends using the 
analysis of variance test. Phosphorus, nitrogen, sodium, manganese, 
aluminum, strontium, and zinc increased with increasing rates of 
lagoon effluent applied. However, magnesium decreased with increasing 
rates of lagoon effluent applied. 
Table 10. Effect of anaerobic lagoon effluent upon the leaf tissue 
of com^ - 1973 (tile-drained plots) 
Element Treatment 
1 2 3 4 
Phosphorus (%) 0.50 0.68^ 0.68^ 0.72* 
Magnesium (%) 0.31 0.26^ 0.20^ 0.26^ 
Nitrogen (%) 2.72 2.97 3.16^ 3.48^ 
Sodium (%) 0.023 0.090^ 0.103^ 0.107^ 
Manganese (ppm) 44.0 44.0 50.3 83.3^ 
Aluminum (ppm) 64.7 101.0^ 102.sf 125.7^ 
Strontium (ppm) 26.0 26.0 25.0 28.3^ 
Zinc (ppm) 29.7 34.7 36.0 51.7^ 
^Treatment means for com leaves opposite and below the primary 
ear shoot at physiological maturity of com plant. 
^Significant at 0.10 level. 
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Table 11 describes the plots which were not tile drained. These 
plots were planted in a split plot arrangement to com (Pioneer 3570) 
and soybeans (Amsoy). No leaf tissue samples were collected from the 
soybean plants. Analysis of com leaf tissue showed that phosphorus, 
sodium, potassium, manganese, iron, zinc, aluminum and barium contents 
all increased with increasing amounts of lagoon effluent applied. As 
was the case in the tile-drained plot data, the magnesium concentration 
decreases with increasing amounts of effluent applied. 
Table 11. Effect of anaerobic lagoon effluent upon the leaf tissue of 
corn& - 1972 (west plots) 
Element Treatment 
1 2 3 4 5 6 
Phosphorus (%) 0.37 0.79^ 0.46^ 0.69b 0.44 0.78b 
Magnesium (%) 0.33 0.21^ 0.27b 0.23b 0.32 0.21b 
Sodium (%) 0.067 0.127b 0.093 0.133b 0.087 0.143b 
Potassium (%) 1.28 1.92^ 1.49b 1.68b 1.4lb 1.86b 
Manganese (ppm) 34 00
 
40 
00 
43 76b 
Iron (ppm) 156 222^ 170 234^ 199b 268^ 
Zinc (ppm) 27 50^ 30 46b 38b 50b 
Aluminum (ppm) 170 26lt 182 254b 187 287b 
Barium 7.3 11.3b 8.3 10.3b 8.7 10.3b 
^Treatment means for com leaves opposite and below the primary 
ear shoot at physiological maturity of com plant. 
^Significant at 0.10 level. 
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Results of Grain Tissue Analysis 
The raw data collected from the com grain tissue analysis are 
summarized in appendices B and D. From the analysis of variance 
performed on these data, two elements had significant F values at the 
0.10 level (Table 12). As the amount of anaerobic lagoon effluent 
Table 12. Effect of anaerobic lagoon effluent upon com grain tissue^ 
- 1972 (tile-drained plots) 
Treatment 
Element 1 2 3 4 
Potassium (ppm) 0.68 0.62^ 0.61^ 0.60^ 
Magnesium (ppm) 0.13 0.10 0.10 0.06^ 
^Treatment means for com grain at physiological maturity. 
^Significant at the 0.10 level. 
increases the concentration of potassium and magnesium decreased. 
During the 1973 growing season none of the elements analyzed were 
statistically significant at the 0.10 level. The data have been 
summarized and placed in Appendix D in tabular form. 
Data on soybean grain tissue samples from the west plots are 
summarized in Table 13a. 
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Table 13a. Effect of anaerobic lagoon effluent upon soybean tissue^ -
1972 (west plots) 
Element Treatment 
1 2 3 4 5 6 
Potassium (%) 1.83 2.09^ 2.07^ 2.14^ 1.96^ 2.16^ 
Calcium (%) 0.22 0.16^ 0.21 0.18 0.17^ 0.18^ 
Copper (ppm) 12.7 9.3^ 10.3^ 10.3^ 9.7^ 9.0^ 
Zinc (ppm) 50.3 52.0 45.0 54.6 41.6^ 49.0 
^Treatments for soybean grain tissue at maturity. 
^Significant at 0.10 level. 
Nutrient Removal by Com Grain and Com Silage 
The amounts of the various nutrients applied per acre is summarized 
in Table 20 (p.61). Removal of nutrients is further analyzed in two 
ways. The first gives the percentages removed in the Rrain. The 
second estimates the percentage of the nutrients that can be removed by 
removing the com crop for ensilage. Table 13b indicates the pounds 
of N, P, K, Fe, Cu and Zn removed by the grain during 1^72. 
Tables 13d and 13e describe nutrient removal as a silage crop. 
The tables are based on the assumptions that 16 tons of ensilage per 
acre are harvested, a 45 percent moisture (wet basis) content at 
harvest, and that the leaf tissue data are an estimate of the nutrient 
level for a complete com plant. 
As would be expected, the estimates of nutrient removal by 
harvesting as silage are higher than for harvesting only the grain. 
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Table 13b. Pounds of N, P, K, Fe, Cu and Zn removed by com grain 
in 1972 
Treatment 
Element 12 3 4 
N 118.4 118.5 115.3 110.8 
P 34.3 30.5 33.1 25.9 
K 47.6 44.0 40.4 38.9 
Fe 0.47 0.45 0.49 0.43 
Cu 0.05 0.05 0.04 0.05 
Zn 0.25 0.25 0.28 0.25 
Table 13c. Percentage removal of applied nutrients for N, P, K, Fe, 
Cu and Zn by com grain during 1972 
Treatment 
Element 12 3 4 
N — 32.8 10.4 5.0 
P — 53.5 18.9 1.2 
K — 26.5 7.9 3.8 
Fe — 19.6 6.9 3.0 
Cu — 6.0 1.8 1.1 
Zn — 64.1 23.3 10.4 
4% 
Table 13d. Pounds per acre of N, P, K, Fe, Cu and Zn removed by 
com silage during 1972 
Treatment 
Element 1 2 3 4 
N 358.8 351.0 385.3 330.7 
P 79.7 95.2 104.5 110.8 
K 232.0 271.4 294.8 280.8 
Fe 2.58 2.92 3.28 3.93 
Cu 0.12 0.12 0.12 0.12 
Zn 0.48 0.56 0.69 0.94 
Table 13e. Percentage removal of N, P, K, Fe, 
com silage during 1972 
Cu and Zn by 
Treatmert 
Element 1 2 3 4 
N — 97.2 32.5 14.9 
P 167.0 59.7 31.6 
K 163.4 58.3 27.7 
Fe —— 126.9 46.7 27.8 
Cu —— 16.4 5.4 2.7 
Zn M 1 143.6 57.5 39.2 
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When the application rate of nitrogen is from 400-600 pounds per acre, 
a high percentage of the nutrients are removed. As the application 
rate is increased to 1,000 and 2,000 pounds per acre, the removal 
effectiveness decreases rapidly. 
Tables 13f, 13g, 13h and 13i describe the nutrient removal by 
com grain and com silage in 1973. 
Table 13f. Pounds of N, ?, K, Fe, Cu and Zn removed by com grain 
in 1973 
Treatment 
Element 1 2 3 4 
N 95.4 69.1 78.0 69.8 
P 50.8 35.6 38.1 23.8 
K 40.4 27.9 30.7 20.4 
Fe 0.38 0.28 0.32 0.28 
Cu 0.04 0.03 0.03 0.02 
Zn 0.22 0.16 0.19 0.13 
Table 13g. Percentage removal of N, P, K, Fe, 
grain during 1973 
Cu and Zn by com 
Treatment 
Element 1 2 3 4 
N —— 12.8 5.1 2.1 
P 50.9 19.5 5.6 
K 9.3 3.7 1.1 
Fe — 4.9 2.0 0.8 
Cu 49.9 18.8 5.8 
Zn M 6.1 2.6 0.8 
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Table 13h. Pounds per acre of N, P, K, Fe, Cu and Zn removed by 
com silage during 1973 
Treatment 
Element 12 3 ^ 
N — 463.0 492.0 544.0 
P — 106.1 106.1 112.3 
K — 276.1 263.6 254.3 
Fe — 3.86 2.88 3.52 
Cu — 0.12 0.13 0.14 
Zn — 0.54 0.56 0.80 
Table 13i. Percentage removal of K, P, K, Fe, Cu and Zn by 
com silage during 1973 
Treatment 
Element 12 3 4 
N — 85.5 32.4 16.8 
P — 151.6 54.4 26.Q 
K — 92.3 31.4 14.2 
Fe — 68.2 18.1 in.4 
Cu — 199.9 81.3 41.1 
Zn — 20.6 1 5.1 
49b 
Discussion 
During the 1972 growing season anaerobic lagoon effluent was 
applied to experimental field plots of com and soybeans. The yield of 
com (Pioneer 3388) was decreased by a small amount in 1972 where the 
greatest amounts of lagoon effluent were applied to the plots. The 
treatment average ranged from 150 bushels per acre for the plot 
receiving 3.7 inches of lagoon effluent to 137 bushels per acre for the 
plots receiving 22.6 inches of lagoon effluent. The plant populations 
on a treatment basis averaged from 18,800 to 21,983 plants per acre. 
The treatment differences were not detectable by the analysis of 
variance test. 
There was also a small decrease in yield when anaerobic lagoon 
effluent was applied to another group of plots that had been planted 
to a different variety of com (Pioneer 3570). Again the yield and 
the plant population did not show any detectable differences using 
the analysis of variance test, although a downward trend existed with 
increasing amounts of lagoon effluent applied. 
In 1973, the data indicated that the yield was decreased by 
applying anaerobic lagoon effluent to the com plots. However, the 
plant population was about 4,000 plants per acre less than in 1972 
because of poor field conditions at the time of planting. 
Problems of phosphorus-induced zinc deficiencies when phosphorus 
is applied to soils already containing high levels of phosphorus have 
been referred to previously. Stukenholtz et al» (1966) considered two 
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factors as being very important to phosphorus-induced deficiencies. The 
first is that with com, concurrently placed nitrogen promotes zinc 
uptake and at the same time benefits phosphorus utilization. The other 
is that increased levels of potassium reduce the depressive effects of 
phosphorus on zinc. 
Results of the field studies at Iowa State University are in 
general agreement with the just mentioned reference. Figures 5 and 8 
show a similar relationship between the amount of lagoon effluent 
applied and the phosphorus and zinc content in the plant material 
relationships. A comparison of the west plots (1972 data and that 
reported on by Loynachan in 1971) indicates the same type of trend 
during both years. In this case both large amounts of nitrogen and 
potassium were applied. 
There seems to be no interference with the uptake of copper. 
Figures 5 and 8 exhibit constant uptake of copper with increasing 
amounts of phosphorus applied. 
There also is no indicated interference with iron uptake, i.e.. 
Figures 6 and 7 show an increase in iron uptake with increasing amount 
of phosphorus applied. Some (Aldrich, 1973b) have stated high 
phosphorus levels may interfere with iron and copper uptake. However, 
the higher organic matter content of Iowa soils may allow more 
phosphorus to be adsorbed than with a soil having a low organic matter, 
thus this type of response to effluent applications could be delayed 
for several years. 
Murphy et al. (1972) put it aptly when they reported large amounts 
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of available phosphorus influence uptake of micronutrient metals in 
silage. Silage that had manure applied to it had no depression of 
micronutrient concentrations. This was probably due to the 
simultaneous application of organic matter and nitrogen content of the 
manure. 
The effects of large phosphorus accumulations need more evaluation 
with time. The final answer as to exactly what happens is not known. 
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SOIL ANALYSIS 
Introduction 
The soils data reported on are from samples that were collected in 
June 1972, April 1973 and October 1973. The raw data for the tile-
drained plots are contained in appendices G, H and I. 
Results of Tile-Drained Plots 
Table 14 summarizes the data on samples collected at three 
different increments of depth in June, 1972. The data included are 
pH, conductivity, carbon content and nitrogen content. There were no 
statistical differences between samples for any of the measures. 
These data, taken prior to the start of irrigation, provide an initial 
base for later comparisons. 
Samples collected during April 1973, after the first growing 
season, were analyzed for pH, conductivity, carbon, total nitrogen 
and exchangeable potassium. The results are summarized in Table 15. 
The conductivity for the 12 to 24 inch depth was the only parameter 
that showed any statistically significant change using the analysis 
of variance test. 
Soil samples were collected in October of 1973 after two seasons 
of applying anaerobic lagoon effluent to the plots. A summary of 
these data is given in Table 16. The analysis of variance test 
indicated statistically significant changes in the following measures: 
Table 14. Means of pH, conductivity (mlcromhos/cm), carbon (%), and nitrogen (%) -
June 1972 (tile-drained plots) 
12 3 4 
pH - 0-6 inches 6.2 
pH - 6-12 inches 6.2 
pH - 12-24 inches 6.4 
Conductivity - 0-6 inches 320 
Conductivity - 6-12 inches 340 
Conductivity - 12-24 inches 318 
Carbon - 0-6 inches 4.19 
Carbon - 6-12 Inches 2,86 
Carbon - 12-24 inches 1.32 
Nitrogen - 0-6 inches 0.27 
Nitrogen - 6-12 Inches 0.21 
Nitrogen - 12-24 Inches 0.08 
6.2 6.4 6.42 
6.4 6.6 6.31 
6.4 6.6 6.59 
362 390 374 
321 369 283 
388 394 348 
4.07 4.16 3.87 
2.87 3.09 2.97 
1.20 1.78 1.29 
0.29 0.29 0.24 
0.20 0.23 0.18 
0.09 0.10 0.09 
Table 15. Means of pH, conductivity (micromhos/cm), carbon (%), nitrogen (%), and 
exchangeable potassium (ppm) - April 1973 (tile-drained plots) 
12 3 4 
pH - 0-6 inches 6.3 
pH - 6-12 inches 5.9 
pH - 12-24 Inches 6.2 
Conductivity - 0-6 inches 165 
Conductivity - 6-12 inches 145 
Conductivity - 12-24 inches 118 
Carbon - 0-6 inches 4.03 
Carbon - 6-12 inches 3.88 
Carbon - 12-24 inches 1.93 
Nitrogen - 0-6 inches 0,31 
Nitrogen - 6-12 inches 0.25 
Nitrogen - 12-24 Inches 0.14 
Ex. potassium - 0-6 inches 282 
Ex. potassium - 6-12 inches 198 
Ex. potassium - 12-24 inches 89 
6.4 6.5 6.3 
5.9 6.3 6.0 
6.3 6.2 6.2 
181 204 202 
158 188 199 
151 206* 235* 
3.85 4.55 4.14 
3.64 3.78 3.21 
2.52 1.84 2.32 
0.21 0.35 0.30 
0.25 0.26 0.25 
0.13 0.12 0.12 
297 350 385 
277 237 316 
67 37 103 
^Significant at 0.10 level. 
Table 16. Means of pH, conductivity (micromhos/cm), carbon (%), nitrogen (%), and 
exchanpeable potassium (ppm) - October 1973 (tile-drained plots) 
12 3 4 
pH - 0-6 inches 6.4 
pH - 6-12 inches 6.2 
pH - 12-24 inches 6.3 
Conductivity - 0-6 inches 144 
Conductivity - 6-12 inches 130 
Conductivity - 12-24 inches 95 
Carbon - 0-6 inches 3.89 
Carbon - 6-12 inches 3.73 
Carbon - 12-24 inches 1.98 
Nitrogen - 0-6 inches 0.24 
Nitrogen - 6-12 inches 0.23 
Nitrogen - 12-24 inches 0.12 
Ex. potassium - 0-6 inches 348 
Ex. potassium - 6-12 inches 291 
Ex. potassium - 12-24 inches 105 
6.1 6.2 6.2 
5.9 6.3 6.3 
6.1 6.4 6.4 
332 833* 863* 
252 595* 651* 
188 460^ 473* 
3.63 4.69 3.77 
3.45 4.28 3.11 
1.66 2.16 1.79 
0.28 0.33 0.25 
0.22 0.21 0.20 
0.09 0.12 0.09 
476 639* 610* 
361 392 523 
82 95 240 
^Significant at 0.10 level. 
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total nitrogen (0 to 6 inches) 
conductivity (0 to 6 inches) 
conductivity (6 to 12 inches) 
conductivity (12 to 24 inches) 
exchangeable potassium (0 to 6 inches) 
As a historical note, the tile-drained plots had received large 
applications of anaerobic lagoon effluent during 1969 and 1970 (see 
Table 17). During 1971 the entire area lay idle and was not used as a 
disposal site. If conductivity of the soil is used as an indicator of 
salt accumulation, the values of less than 1 millimhos/cm would be 
considered negligible; e.g., when compared with data reported in Kansas 
where feedlot wastes were applied to the soil (Wallingford e^ al., 
1974). Following the first growing season (1972) the conductivity 
decreased measurably, probably because of the abnormally high rainfall 
prior to the collection of the samples. Consequently, the soluble salts 
were flushed through the profile, and the conductivity increased with 
increasing applications of effluent in all soil layers. Samples 
collected in October of 1973 indicated that the conductivity had 
increased 3 to 4 fold above the measures in April, 1973. Samples 
Table 17. History of prior irrigated applications of anaerobic 
lagoon effluent to plots (inches of lagoon effluent applied) 
Year Treatment 
12 3 4 
1968 13.9 20.0 15.2 30.5 
1969 15.7 24.9 18.4 48.1 
1970 28.3 15.8 14.9 29.3 
1971* 
Total 57.9 61.6 48.5 107.9 
^The disposal area was not used in 1971. 
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collected in April also indicated increased potassium concentration in 
the soil with increasing rates of application. This would be expected 
since the lagoon effluent contains 200 to 300 mg/1 of potassium. 
During the 1973 growing season the exchangeable potassium continued to 
increase with increasing amounts of lagoon effluent applied. 
Results of West Plots 
As indicated previously, another group of plots was used to grow a 
second variety of com (Pioneer 3570) and soybeans (Amsoy). The mean 
values of each treatment and parameter are given in Table 18a. Again, 
an analysis of variance indicated that the changes in pH, conductivity 
and exchangeable potassium were statistically significant as the amount 
of effluent applied was increased. In fact, the results of these plots 
showed much the same trends as found in the tile-drained plots. 
Table 18a. Means of pH, conductivity (micromhos/cm), carbon (%), 
nitrogen (%) and exchangeable potassium (ppm) - October 
1972 
Treatment 
Parameter 
1 2 3 4 5 6 
pH 6.2 5.7 6.5 6.2 6.7 6.7 
Conductivity 141 335* 189 323* 202 295* 
Carbon 4.67 4.30 4.58 4.38 4.11 3.39 
Nitrogen 0.32 0.31 0.35 0.34 0.34 0.30 
Ex. potassium 116 423* 314* 539* 298* 478* 
'^Significant at 0.10 level. 
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Discussion 
The soil analyses prior to experiments conducted in 1972 and 1973 
serve as a check on soil damage in past experiments (1968-1971). The 
tile-drained site had plots to which 57.0 to 107.9 inches of lagoon 
effluent were applied. Did the extremely large amount of salt and 
nitrogen applied to the plots destroy them forever? From the 
agronomist's viewpoint, the yields were normal for Iowa (140-150 bu/ 
acre). From the soil's viewpoint, the conductivity (micromhos/cm) was 
in an acceptable range (0.3 micromhos/cm). If salt had accumulated 
during 1968 to 1971, the conductivity values perhaps would have been 
near 1.5 to 2.0. If we assume the potassium concentration was 250 mg/1 
and if 107.9 inches of lagoon liquid were applied to the plots, this 
would amount to 7,337 pounts of potassium per acre. 
Perhaps a summary of the conductivity data for the three sampling 
periods is in order. 
Table 18b. Summary of tile drainage conductivity data (0"-6" level) 
(micromhos/cm), 1972-1973 
Date effluent Treatment 
applied 
(inches) 1 2 3 4 
June 1972 320 
a 
362 390 374 
April 1973 165 181 204 202 
0 3.7 11.3 22.6 
October 1973 144 332 833 863 
0 4.1 11.5 24.6 
*See Table 17 for prior history. 
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Table 18c. Summary of conductivity data from west plots (micromhos/cm) 
Year effluent Treatment 
applied 
(inches) 1 2 3 4 5 6 
1971 (Laynachan) 340 300 400 363 490 463 
0 0 6.2 5.8 8.8 17.1 
1972 141 335 189 323 202 295 
0 19.8 3.9 22.1 4.1 20.2 
Samples in October 1973 were collected before the periods of 
saturated flow that exist during snow melt and spring rains. Time of 
collection would seem to have an influence on the conductivity data. 
If samples had been collected during April or May, they would have 
undoubtedly been much less. 
What does all of this tell us? First of all, the past history of 
the plots would seem to indicate that the large applications during 
1968-1970 did not cause irreparable damage to the soil. Two facts can 
be brought forth to back up this statement. The first is the low soil 
conductivity values and the second is the yield of the crop grown on 
the plots. Another factor is that the west plots showed no radical 
changes between applications during 1971 and 1972. 
A general weakness of field research at the graduate level is the 
time limits that must be imposed on the project. In this project, for 
example, the data seem to indicate that another year or two of soils 
data would have been very helpful in better distinguishing trends. It 
is evident from a scan of Tables 14, 15 and 16 that the soils data from 
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the 1973 growing season are beginning to exhibit trends that should be 
expected. But the data are insufficient to predict how long it will be 
before salt accumulations become excessive in a humid area like Iowa; 
or if the phosphorus concentration in the soil will eventually become 
so high that detrimental interactions will result in zinc, copper and 
iron deficiencies in the plant. 
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WATER QUALITY ASPECTS 
Introduction 
Water quality was measured at three different stages of the 
disposal path: first, the water quality of the lagoon liquid; second, 
the water quality of liquid from porous cup samples; third, the water 
quality of liquid from tile drains located underneath tile drained plots. 
Summary of Water Quality 
Table 19 summarizes the water quality of the anaerobic lagoon 
during the years 1972 and 1973. More complete data are presented in the 
water quality data section. 
Table 19. Average values of water quality data. Unit K, anaerobic 
lagoon (1972 and 1973) 
Parameter 1972 1973 
pH 7.3 — 
Conductivity (millimhos/cm) 5.0 — 
Kjeldahl - N (mg/1) 462 581 
Ammonia - N (mg/1) 434 307 
Chloride (mg/1) 343 254 
Chemical oxygen demand (mg/1) 1177 1839 
Total phosphorus (mg/1) 69 79 
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Table 20 lists the mass of various nutrients applied to the tile 
drained plots during the years 1972 and 1973. During 1972 the per acre 
equivalent of 2200 pounds of nitrogen, 350 pounds of phosphorus, and 
1000 pounds of potassium were applied to the plots receiving the 
maximum amount of lagoon liquid. Similar amounts were applied in 1973. 
Table 20. Nutrients applied to plots by treatment, 1972 and 1973 
Application rate (lb/acre) 
Treatment 
trient 2 
(1972) 
2 
(1973) 
3 
(1972) 
3 
(1973) 
4 
(1972) 
4 
(1973) 
N 361 541 1104 1518 2208 3247 
P 57 70 175 195 351 418 
K 166 299 506 840 1013 1796 
Mg 28.4 36.1 86.6 101.2 173 216.5 
Ca 42.7 73.4 130 205.9 261 440.3 
Na 90.4 74.2 276 208.2 552 445.3 
Fe 2.30 5.66 7.02 15.9 14.10 33.43 
Mn 0.83 0.36 2.55 1,00 5.11 2.14 
B 0.63 0.74 1.92 2.07 3.83 4.43 
Cu 0.73 0.06 2.22 0.16 4.44 0.34 
Zn 0.39 2.62 1.20 7.36 2.40 15.74 
Pb 1.22 0.09 3.73 0.25 7.46 0.53 
Ni 0.38 0.11 1.18 0.32 2.35 0.68 
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The net result is that, under normal rates of nutrient application, 
the mass of elements applied such as zinc, copper, lead and nickel is 
very small. By comparison, heavy metal concentrations in industrial 
sewage is several times that in swine wastes. 
The porous cup method of sampling soil water provides some index of 
treatment with depth. As would be expected, most of the organic material 
in the applied effluent is removed in the top few inches of soil. Table 
21 summarizes concentrations of total phosphate, ammonia and nitrate 
plus nitrite nitrogen in the 1972 porous cup samples. Table 22 
summarizes concentrations of total phosphate, ortho phosphate, kjeldahl 
nitrogen, nitrate plus nitrite nitrogen and ammonia nitrogen for 1973. 
Table 21. Summary of total phosphorus, ammonia nitrogen and 
nitrate plus nitrite nitrogen concentrations in porous 
cup samples from 6, 12 and 24 inch soil depths - 1972 
Porous Cup Water Samples 
Treatment 
Parameter 2 3 4 
6" depth 
Total P 
Nitrate + nitrite N 
Ammonia N 
6.0 
74.3 
0 
9.5 
43.5 
0 
12" depth 
Total P 
Nitrate + nitrite N 
Ammonia N 
3.2 
0 
2.4 
0 
24" depth 
Total P 
Nitrate + nitrite N 
Ammonia N 
2.0 
80.0 
0 
2.3 
81.0 
0 
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Table 22. Summary of total phosphorus, ortho phosphorus, kjeldahl 
nitrogen, nitrate plus nitrite nitrogen, and ammonia 
nitrogen concentrations in porous cup samples from 6, 12 
and 24 inch soil depths - 1973 
Treatment 
Parameter 2 3 4 
depth 
Total P 
Ortho P 
Kjeldahl N 
Nitrate + 
nitrite N 
Ammonia N 
6 . 8  
7.0 
5.6 
9.8 
5.6 
8.1 
9.9 
20.9 
92.9 
6.0 
11.2 
14.2 
9.3 
121.1 
10.2 
12" depth 
Total P 
Ortho P 
Kjeldahl N 
Nitrate + 
nitrite N 
Ammonia N 
6 . 2  
6.1 
5.6 
2.8 
0 
6.9 
7.9 
3.9 
74.5 
2 . 6  
9.0 
11.6 
3.7 
57.6 
1.8 
24" depth 
Total P 
Ortho P 
Kjeldahl N 
Nitrate + 
nitrite N 
Ammonia N 
6 . 8  
6.4 
5.6 
16.8 
5.6 
6.3 
7.0 
4.1 
27.7 
2.1 
3.6 
3.0 
1.6 
29.2 
1.0 
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With each increment of depth, the concentration of the various 
water quality parameters increases with increasing amounts of lagoon 
effluent applied. As the depth increases there is some decrease in 
all of the concentrations described. Similarly as depth of sampling 
increases, the difference between treatment samples decreases. 
Although nitrate plus nitrite nitrogen decreases with increasing depth 
it remains relatively high. 
From the values in Table 19 the percentage removal of various 
water quality components can be calculated (see Table 23). 
Table 23. Percentage removal of phosphorus and nitrogen in the 
surface 6 inches of soil 
1972 1973 
Element % Removed % Removed 
Nitrogen 
Treatment 2 - 97 
Treatment 3 84 80 
Treatment 4 91 78 
Phosphorus 
Treatment 2 - 91 
Treatment 3 94 89 
Treatment 4 87 86 
Organic nitrogen removed by the soil profile is oxidized to 
nitrate. As Tables 21 and 22 show, the nitrate nitrogen values are 
rather high. 
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Tile Drainage 
Theoretically speaking, the use of a tile drain to monitor water 
quality is ideal. However, on a practical basis it is difficult to 
produce an overall mass transfer relationship without continuous 
measurement of flow and a large number of water quality parameters. 
Table 24 summarizes the mean values of water quality data for 
all treatments in 1972. On the basis of the difference between input 
Table 24. Mean concentrations of parameters measured in tile 
drainage (1972) 
Treat­
ment 
Conduc­
tivity 
Umhos/cm 
pH Kjeld-N 
mg/1 
NHg-N 
mg/1 
NO- + 
NO,-N 
mg/1 
CI 
mg/1 
COD 
mg/1 
Total 
P 
mg/1 
1 1739 7.1 0 0 0.85 230.7 23.3 0.69 
2 1845 7.3 7.3 4.2 39.3 223.3 50.9 2.90 
3 1703 7.1 6.6 4.1 62.8 247.9 60.0 3.13 
4 1864 7.0 12.1 6.5 65.3 227.3 156.5 5.00 
and output Table 25 estimates the percentage reduction (100 (lagoon 
concentration-tile drainage concentration)/lagoon concentration) of 
nitrogen, chemical oxygen demand and total phosphorus resulting from the 
passage of anaerobic lagoon effluent through 4 feet of soil. In 
actuality, the percentages of removal in undisturbed soil profiles is 
probably higher than those reported. Tile drainage systems cause the 
soil treatment system to be more artificial and permit some direct 
channeling. Thus the values in Tables 25 and 27 could be considered 
minimum. 
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Table 25. Percent removal of nitrogen, COD and total phosphate 
through 4 feet of soil profile (1972) 
Parameter Treatment 
12 3 4 
Nitrogen — 91 86 85 
COD — 96 95 87 
Total P — 96 95 93 
Table 26. Mean concentrations of parameter measured in tile 
drainage (1973) 
pH Kjeldahl-N NH^-N NO^+NO^-N COD Total P 
1 
2 7.7 5.0 0 11.5 647.5 23.0 
3 7.2 23.4 4.7 38.9 319.7 12.1 
4 7.2 51.4 26.4 48.0 711.7 23.7 
Table 27. Percent removal of nitrogen, COD and total phosphorus 
through 4 feet of soil profile (1973) 
Parameter Treatment 
12 3 4 
Nitrogen — 97 89 83 
Total phosphate — 71 85 70 
COD — 65 83 61 
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Summary 
The water quality data reported on in this study show that 
2200 pounds of nitrogen, 350 pounds of phosphorus and 1000 pounds of 
potassium were applied per acre under the maximum treatment level. 
From the porous cup samples, an index of treatment efficiency of 
the soil system could be determined. Treatment efficiency decreased 
with increasing amounts of anaerobic lagoon effluent applied to the 
plots. 
The tile drainage system technique provides an excellent means 
of monitoring water quality. There was a slight decline in the tile 
water quality during the second year of the study, but this was 
attributed to an increase in channeling directly into the tile 
drainage system. 
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CHANGES IN WATER QUALITY OF ANAEROBIC LAGOONS 
WITH TIME AND RECYCLINGS 
Introduction 
The widespread use of lagoons for treating animal wastes dates 
back to the 1950's. Many improperly constructed lagoons were used 
during the following 15 years because they were commonly thought of as 
an easy and complete solution; i.e., a foolproof disposal for any 
organic waste material that might be placed in them. 
Typical of that time, Ashmore (1966) classified anaerobic lagoons 
as a disposal technique for animal wastes. We now know that their 
classification as a treatment device would have been better based on 
the later, more fundamental research conducted by Willrich (1966), 
Hill and Earth (1974), and Lynn (1968), to name a few. From these 
works, some specific parameters have been developed as being essential 
for design purposes. 
Much water quality data have been collected over the past 10 years 
on the anaerobic lagoon located at the Swine Nutrition Station, Iowa 
State University, Ames, Iowa. These water quality data will be 
briefly reviewed and evaluated here, for background. 
Sources of Information 
Willrich (1966) provided a description of the Unit K lagoon, a 
summary of water quality data and a summary for treatment efficiencies 
between the original cells (2). Data reported by Ashmore (1966) 
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summarized the water quality during the early operating period of the 
lagoon in 1964. 
Vanderholm (1969), in a report on the design of a disposal system 
for swine wastes, summarized water quality data during 1968. 
Koelliker (1972) reported on denitrification under field 
conditions when large amounts of lagoon liquid were applied to the soil. 
Included in the report were water quality data for 1969-1971. 
Also included in this dissertation is an analysis of the various 
elements measured in the Unit K lagoon during 1971 to 1973 and some 
data for the City of Ames water supply (the water used at the Swine 
Nutrition Station is from city wells). Average values for calcium, 
copper, iron, potassium, magnesium, manganese, sodium, lead, and zinc 
are presented in Table 28. The sodium plus potassium adsorption ratio 
and the conductivity of the lagoon liquid are presented in Table 29. 
These are included because Wilcox (1958) reported that no problems with 
salinity should be expected unless the SAR was above 8. 
Discussion 
The majority of the data has been placed in Appendix K. 
Included are average monthly values for the years 1964-1973 for 
chemical oxygen demand, kjeldahl nitrogen, total phosphorus, 
chlorides and pH. 
For the years 1964 and 1965, only the chemical oxygen demand data 
are available. The average value for 1964 was 1230 mg/l and that for 
1965 was 901 mg/l. The sharp decrease in 1965 should be expected 
Table 28. Elemental analysis (ppm)—Unit K lagoon, Swine Nutrition Station, Iowa State University, 
Ames, Iowa 
1971 
a 
1972 1973 
City of 
Ames 
Aug. 16 Oct, 5 June 22 Aug. 28 June 27 August Average water^ 
supply 
Aluminum 10 1,2 — —  — — — — — 5.6 — —  
Boron 0.43 0.63 1.0 0.55 0.81 0.78 0.70 —  —  
Calcium 53 103 59 43 79 — 67.4 17.6 
Chromium — - - 3.1 —  —  0.09 0.12 1.1 — 
Copper 0.16 0.24 1.7 0,04 0.05 0.08 0.38 <0.01 
Iron 1.8 4.2 4.6 0.81 5.2 6.82 3.91 < 0.1 
Potassium 303 347 —  —  256 275 369,0 310 3.0 
Magnesium 73 70 52 16.3 19.6 58.0 48.2 14 
Manganese 0.35 0.37 1.6 0.39 0.5 0.27 0.58 0.05 
Molybdenum 0.02 0.02 —  —  — — 0.02 — 
Na 150 203 104 112 18 142 121.5 30.0 
Ni — 0,8 0,02 0.018 0.023 0.22 — 
Pb —  —  2.9 0.03 0.08 0.11 0.78 <0.01 
Zn 0.22 0.67 0,8 0.10 2.25 3,40 1.24 <0.01 
^Loynachan, 1972. 
^Telephone communication with Dr. H. Sledel, 1972. 
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Table 29. Electrical conductivity, sodium plus potassium adsorption 
ratio, and percent sodium plus potassium 
Year 
Electrical 
conductivity 
mmhos/cm 
Sodium plus 
potassium 
adsorption 
ratio 
Percent 
sodium 
plus 
potassium 
1972 5.1 3.9 67 
1973 — 3.8 62 
since it is now becoming evident that an anaerobic lagoon requires 
2-3 years to stabilize. Since complete data were not available for 
1966 and 1967, plots are for 1968-1973. For the year 1967, the 
average COD value was about 500 mg/1. It is the writer's estimate 
that the lagoon had nearly stabilized by 1965, since the 1968 value 
is similar to the 1965 value. 
The trend from 1968 through 1973 was that of a general increase 
in COD. A linear regression analysis of the data in Figure 9 
estimated the increase in chemical oxygen demand at about 250 mg/l per 
year (COD = 22 + 25X; X = 20, 30, 40, 50, 60, 70).^ 
The kjeldahl nitrogen data for the period 1968-1973 are presented 
in Figure 10. Using linear regression analysis techniques, the 
following equation resulted: 
TKN = 31.2 + 8.52X (X = 20, 70) 
The nitrogen concentration increased at an annual rate of about 
85 mg/1. 
^20 = 1968, 30 = 1969 70 = 1973. 
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A linear regression of the chloride data for the years 1968-1973 
is illustrated in Figure 12. 
The resultant regression equation is: 
CI = 4 + 4.33X (X = 20, 70) 
The chloride concentration increased at the rate of 39.3 mg/l per 
year. 
In all of the foregoing (COD, TKN and CI), there has been a 
definite increase in concentration. However, the phosphorus (Figure 
11) concentration has remained relatively constant since 1968, as has 
the pH (Figure 13). A summary of the data in Figures 9 to 13 is 
given in Table 30. 
Table 30. Water quality data summary by year at Unit K, Swine 
Nutrition Station, Iowa State University, Ames, Iowa 
Year TKN NHg COD CI P pH 
mg/l mg/l mg/l mg/l mg/l 
1968* 300 527 109 74 7.9 
1969^ 306 284 939 132 70 7.7 
1970^ 408 382 1325 170 69 7.6 
1971^ 371 296 1140 209 82 7.5 
1972 462 434 1172 343 69 7.3 
1973 581 307 1839 254 79 — 
H. Vanderholm. M.S. Thesis, Iowa State University. 1969. 
^J. K. Koelliker. Ph.D. Thesis, Iowa State University. 1972. 
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Summary 
The meaning of these water quality data is interpreted as follows: 
a) The concentration of nitrogen and organic matter in the liquid 
is gradually increasing. One possible hypothesis for this occurrence 
is that the nitrogen and organic matter in the sludge is gradually 
increasing and the equilibrium concentration is changing. Another 
hypothesis is that because of recycling and because water is continually 
being added to a lagoon that is not emptied each year, there is a 
gradual yearly increase in nitrogen and organic matter, 
b) The total phosphate concentration is remaining relatively 
constant over time. This can be partially explained by some loss of the 
phosphate through precipitation out of solution as magnesium ammonium 
phosphate. The actual amount precipitated is unknown, however. There 
may be some diffusion of the phosphorus into the soil in the bottom of 
the lagoon. 
c) No positive explanation can be given at this time for the 
decrease in pH over the time period, 1968-1973. As the actual treatment 
volume decreases over time, it should cause the lagoon to become 
overloaded and a decrease in pH could be expected. 
d) Recycling of anaerobic lagoon liquid to hydraulically flush 
swine wastes may, as indicated by the Unit K data, cause an increase in 
the organic loading and in the nitrogen and chloride concentrations in 
an anaerobic lagoon treatment system. 
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Conclusions 
The mass of nitrogen and organic matter is evidently accumulating 
in the form of sludge. More and more nitrogen is going into the 
solution to maintain an equilibrium condition. This overshadows the 
amount of nitrogen removed by irrigation and that lost by nitrogen 
volatilization. 
What does all of this mean to the recycling of liquid for 
hydraulic handling of animal wastes? There has not been an extremely 
rapid increase in the parameters measured. The recycling system at 
Unit K is not at this time on the verge of failure. The rate of sludge 
accumulation is not increasing, rather it is leveling off (see later 
section). This means the lagoon has many years of usefulness as a 
treatment device and as a storage device. Presently the chloride 
level Is very low when compared with beef cattle wastes (Moore, 1974). 
Thus recycling of anaerobic swine wastes to hydraulically 
transport swine manure has not degraded the quality of the liquid to 
the point that it is becoming unfit for continued usage. 
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ACCUMULATION OF SLUDGE IN AN ANAEROBIC LAGOON 
Background 
The accumulation of solids in waste treatment systems is of concern 
because as the solids accumulate beyond a certain point, the treatment 
effectiveness of the system declines. 
Al-Timini et al. (1965) reported on the rate of solids accumulation 
in poultry manure storage tanks. These authors compared the effects of 
volume and surface area on the rate of solids accumulation. Dry matter 
determinations every 2 weeks indicated an increase in dry matter 
content. Volume and surface area seemed to have no significant 
effects on the digestion of the solids in the tanks and thereby the 
sludge accumulation rate. 
Hart (1970) recommended a manure lagoon be viewed as a processing 
unit and not an ultimate sink for animal wastes, because if used as 
a sink, the lagoon volume will gradually be filled with solids and 
have to be cleaned out. He estimated that anaerobic lagoons should 
accumulate solids at a rate of 0.02 percent to 0.1 percent of the 
lagoon volume per day. 
Koon et al. (1970) reported that the sludge accumulations in lagoons 
located in Alabama was directly proportional to the number of animals 
served by the lagoon. Table 31 illustrates some values recorded. The 
sludge survey data in Table 31 agree closely with the observations 
of Lynn (1968) and Barr et al. (1969). Lynn (1968) reported 
that sludge accumulated six times faster when a lagoon was designed 
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Table 31. Lagoon age, volumetric allowance, loading and sludge 
accumulation (Koon et al., 1970) 
Lagoon^ Age 
(years) 
Cubic feet 
200 lb. liveweight 
Number of 
animals 
Sludge 
accumulation 
(ft^/yr/200 lb.hog) 
UCPl 8 190 95 8.4 
UCP2 8 150 95 0.1 
SMI 5 220 100 19.0 
LCPl 10 340 50 12.0 
LCP2 4 70 270 7.4 
^CPl and UCP2 were lagoons in series with depths of 4.5 and 
3.5 feet (1962); SMI, depth of 3.5 feet (1964); LCPl, depth of 3.5 
feet (1959); LCP2, depth of 4.0 feet (1965). 
on the basis of 60 cubic feet per animal than 240 cubic feet per 
animal. 
According to Barr et al. (1969), sludge accumulated at a rate of 
14 cubic feet per year per hog in a 7-year-old lagoon having 360 cubic 
feet of volume per 200-pound hog. This amounted to 29 percent of the 
total volume over the 7 years. Another lagoon with 315 cubic feet per 
hog had a sludge accumulation of 24 cubic feet per year, or 53 percent 
of the total volume after 7 years. 
Loehr (1972), while discussing the use of anaerobic lagoons as 
livestock waste treatment systems, states that anaerobic lagoons 
should be used only where warm temperatures prevail throughout the 
year. He recommends that every attençt should be made to keep a 
lagoon in "balance". The follovjing table provides his estimate of 
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Table 32. Approximate time for an anaerobic lagoon to fill with 
accumulated solids, days (Loehr, 1968) 
Solids accumulation 
(Ib/day/ft^) 
Solids concentration on lagoon bottom (%) 
10 15 20 
0.02 325 490 650 
0.05 130 195 260 
0.10 65 97 130 
0.15 48 72 97 
0.20 32 48 65 
0.25 26 39 52 
how long it might take an anaerobic lagoon to fill with solids. 
Willrich (1966) described a survey that was conducted 3 years 
after the lagoon at the Iowa State University Swine Nutrition 
Research Station was constructed. The sludge depth was 13.2 inches 
in the deep cell and 9.6 inches in the shallow cell. Solids 
accumulation was 19 percent of the total lagoon volume. 
Ashmore (1966) reported on a mini-lagoon study designed to 
simulate full-scale anaerobic lagoons. Lagoon depths were varied 
from 2.67 feet to 9.83 feet and the loading was varied from 5 to 10 
lb. VS/1000 cubic feet/day. The data indicated that neither the 
volatile solids loading rate nor the depth of the lagoon had a 
noticeable effect on the rate of sludge buildup in the lagoons. Test 
lagoons loaded at 5 lb. volatile solids/1000 cubic feet/day were esti­
mated to fill at the rate of 24 percent of their original depth per year. 
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Koelliker and Miner (1970) reported on a sludge survey conducted 
in 1969 on the same lagoon surveyed earlier by Willrich. The 
deep cell was 8.5 percent filled with sludge and the shallow cell was 
44 percent filled with sludge. 
Procedure for 1973 Sludge Survey 
During July, 1973, a third sludge survey was conducted at the 
ISU Swine Nutrition Station anaerobic lagoon. Figure 14 describes 
the general geometric shape of the lagoon and the arrangement of 
sampling grid that was used. A total of 27 points were sampled in 
the lagoon. Fifteen sançles were taken in the deep cell and 12 
samples were taken in the shallow cell. Depth of sludge, depth of 
lagoon from the water surface to the soil and visual characteristics 
of sludge were recorded when the sample was collected. The sample 
was collected by placing a plexiglass tube into the sludge and 
forcing it into the soil below. The sample was then removed from 
the lagoon and the data recorded. 
Sludge samples were placed in plastic bags and frozen until they 
could be analyzed. Samples were analyzed for pH, kjeldahl nitrogen, 
COD and total phosphate. 
Results 
Of primary interest in the 1973 survey was the amount of sludge 
in the lagoon or the percentage of lagoon volume occupied by the 
sludge. Table 33 provides a summary of the various grid areas and 
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Table 33. Percentage of lagoon volume filled with sludge as 
related to grid location - Unit K lagoon. Swine 
Nutrition Station, Iowa State University, Ames, Iowa 
Grid Relative Relative 
identification total area sludge area Sludge 
(inches^) (inches^) (%) 
lA, IB, IC 6.58 2.39 36.3 
<
 
CM 
2B, 2C 7.15 2.50 34.9 
3A, 3B, 3C 5.83 2.73 40.0 
4A, 4B, 4C 7.41 5.32 28.2 
5A, 5B, 5C, 5D, 5E 15.85 1.85 11.7 
6A, 6B, 6C, 6D, 6E 16.23 2.76 17.2 
7A, 7B, 7C, 7D, 7E 10.19 0.77 7.58 
the percentage of sludge that occupies each grid area. 
Characteristically, the shallow end of the lagoon contains a greater 
percentage volume of sludge (37 percent as an average value). 
The deep cell of the lagoon had approximately 12 percent of its 
total volume occupied by sludge. If both the shallow and deep cells 
are combined, the lagoon is 30 percent filled with sludge (see 
Appendix L for calculations). 
Inspection of the sludge samples showed that the sludge in the 
lagoon characteristically contained hog hair, fine pieces of com 
hulls and large pieces of com hulls. A more complete summary of 
the physical appearance is included in Appendix L. 
Table 34 summarizes the measured water quality parameters of 
the lagoon contents. 
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Table 34. Average pH, COD, kjeldahl-N and total 
P values of anaerobic lagoon sludge at 
Unit K, Swine Nutrition Station, Iowa 
State University, Ames, Iowa 
pH 7.77 
COD (mg/1) 48,698 
TKN (mg/1) 3,575 
Total P (mg/1) 1,493 
As expected, the mass of COD in the sludge is 12 times that of the 
lagoon liquid, the mass of kjeldahl nitrogen in the sludge is about 
2.6 times that of the lagoon liquid, and the total phosphate mass in 
the sludge is 8.4 times the value of the phosphorus in the liquid. 
The pH value of the sludge is very similar to values of pH obtained 
previously on the lagoon liquid. 
Table 34 will be used again later in a comparison of nutrient 
masses in the liquid and the sludge. Table 35 summarizes the water 
quality parameters for the Unit K lagoon liquid. 
Table 35. Water quality parameters^ - Unit K, 
Swine Nutrition Station, Ames, Iowa 
TKN (mg/1) 574 
NHg (mg/1) 403 
COD (mg/1) 1731 
CI (mg/1) 254 
P (mg/1) 75 
*1973. 
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Discussion 
Appendix L contains the calculations relating to organic matter 
and nutrient level in the lagoon sludge and in the lagoon liquid that 
are summarized by Table 36. 
Table 36. Summary of organic matter and nutrient mass in Unit K 
anaerobic lagoon (July 1973) 
Parameter Sludge Liquid Sludge 
(lb.) (lb.) (%) 
COD (mg/1) 129,688 10,933 92 
N (mg/1) 9,520 3,625 72 
P (mg/1) 3,976 473 89 
This lagoon has been operational for about 10 years, and the 
nutrients are found to be contained mostly in the sludge. 
The amount of sludge in the lagoon increased from 19 percent to 
about 30 percent in the period from 1966 to 1973. Most of the 
increase in sludge has been in the shallow cell of the lagoon (see 
Table 37). 
Table 37. Summary of sludge depths reported at the Unit K 
anaerobic lagoon 
Shallow cell Deep cell 
(inches of sludge) (inches of sludge) 
1966 (Willrich) 13.2 9.6 
1969 (Koelliker & Miner, 
1970) 16.3 9.2 
1973 20.0 10.4 
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The literature on sludge accumulation has generally been reported 
on systems monitored for short periods of time (Ashmore, 1966 and 
Lynn, 1968). Data that have been collected over a short period of time 
and then extrapolated to give future trends are not consistent with 
the observed behavior of this particular lagoon. As Willrich (1966) 
reported, and is verified by later surveys, the sludge depth in the 
Unit K, Swine Nutrition Station lagoon increased rapidly during the 
first 18 to 24 months after construction, then seemed to stabilize 
following the third year. Hence, if a lagoon system has not 
biologically stabilized, i.e., not reached a steady state of 
biological activity, the extrapolation of measurements could be in 
serious error. 
Summary—ISU Anaerobic Lagoon 
The 1973 sludge survey and sample analyses of the Unit K lagoon 
show that 92 percent of the COD, 72 percent of the nitrogen and 89 
percent of the phosphorus are in the sludge; and the lagoon has reached 
a relatively stable biological condition with further sludge accumula­
tion at a very slow rate of increase from the present 30 percent of 
the lagoon volume occupied. 
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SUMMARY 
Leaf and Grain Tissue Analyses 
Analyses for micronutrient changes in plant leaf and grain tissue 
were reported on by Koelliker (1971) and Loynachan (1972) for 
experiments where swine lagoon effluent was applied to growing crops. 
Anaerobic swine lagoon effluent had little noticeable effect on corn. 
Yields were normal on com plots, though there was a higher than 
normal occurrence of purple stem rot. The grain sorghum yields were 
decreased significantly only because the crop was not harvested at 
the proper time. 
Resulting from this study, however, were several trends that 
could be considered important with continued use of the same site for 
waste disposal. Salt buildup and an increase in the phosphorus and 
the exchangeable potassium level in the soil with increasing rates 
of application are two specific examples. Further, the com leaf 
tissue data indicated significant statistical differences for 
nitrogen, phosphorus, sodium and iron at physiological maturity. 
Increases in nitrogen, phosphorus, manganese, copper and zinc content 
of the grain sorghum leaves was statistically significant also. 
In the related literature Wallingford et al. (1974) reported 
that the application of anaerobic lagoon wastes from cattle feedlots 
in Kansas caused a decrease in com yield because of salt buildup in 
the soil. 
Animal wastes usually contain large amounts of nitrogen. This 
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may affect the nutrient content of com plants where other sources of 
nitrogen are also applied on a disposal site. Walker and Peck (1972) 
conducted a study to determine the effect of nitrogen application 
rate on the nutrient content of com plants. They found that 
increasing the level of nitrogen applied generally increased the level 
of phosphorus and zinc in com leaves, but had little influence on 
calcium, magnesium and manganese content. 
Hinesly et al. (1972) reported on the effects on com when 
municipal digester sludge was applied to com. The status of soil 
fertility and nutrition of com were assessed by analysis of ear-leaf 
tissue at tasseling and grain tissue at harvest. In the ear-leaf 
at tasseling, nitrogen, phosphorus, calcium, manganese, zinc, 
cadium and boron increased significantly and magnesium decreased 
with sludge treatment. Analysis of grain tissue from the same 
plants showed fewer significant differences with only potassium, 
zinc and cadium increases associated with sludge treatment. It was 
concluded that a favorable com yield response could be expected 
from relatively large sludge applications in a year of normal weather 
conditions. Trace elements added as constituents of sludge have not 
presented a toxicity problem. 
Andersson and Nilsson (1972) acknowledged that the soil is an 
excellent medium for disposal of wastes. Sewage sludge can contain 
hazardous conçonents of domestic and industrial origin, however, and 
with continual applications more heavy metals and trace elements 
may be applied to the soil than are removed. Thus the application 
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rate for disposal of municipal sludge should be based on the content 
of potentially harmful components. 
Chaney (1973) discussed the possibility of uptake of heavy metal 
into the food chain. Cadium, copper and zinc are pointed out as being 
significant potential hazards in this respect. Two concepts for 
future recommendations are made: the benefit:risk ratio and the 
limitation of metal additions to permit continued general farming. 
The benefits of sludge and effluent include water, organic matter, 
nitrogen, phosphorus, zinc and copper. Risks include the toxic 
metals which should be reduced to the levels in Table 38 if sludge is 
to be continually applied to the soil. 
Table 38. Metal content of a sludge appropriate for land 
application (Chaney (1973) 
Element Content 
Zn 2000 ppm 
Cu 800 ppm 
Ni 100 ppm 
Cd 0.5 % of zinc 
B 100 ppm 
Pb 1000 ppm 
Hg 15 ppm 
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Very little has been published about the nutrient content of 
plants where animal wastes are applied to a growing crop. Research 
conducted during the years 1972 and 1973 at Iowa State University has 
been directed to the measurement of nutrient changes in plant tissue. 
The results of this research indicate anaerobic lagoon liquid did not 
significantly affect the yield in 1972, although yield did decrease 
slightly with increasing amounts of lagoon effluent applied. The 
1973 data indicated that the yield depression was statistically 
significant; however, when the anaerobic lagoon liquid was applied to 
the plots in 1973 the leaves were severely burned. This burning was 
probably due to a combination of the high ammonia concentration and 
high ambient air temperature. Plots receiving the maximum amount of 
anaerobic lagoon effluent matured much earlier than the check plots. 
Tassels dropped off and the com plants were shorter than in the 
check plots. Characteristically the ears were quite short and stubby 
on the plots receiving the maximum amount of anaerobic lagoon liquid. 
During 1972 and 1973 the leaf tissue concentration of phosphorus, 
sodium, aluminum and zinc increased with increasing amounts of lagoon 
effluent applied and magnesium concentrations decreased with 
increasing amounts of anaerobic lagoon effluent applied. Essentially 
the same characteristics were exhibited for both tile-drained and 
non-tiled plots. 
The analysis of the grain tissue data for 1972 indicated that 
differences in potassium and magnesium contents were statistically 
significant. Potassium content increased and magnesium content 
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decreased with increasing amounts of lagoon effluent applied. None of 
the elements were found to be statistically significant in 1973. 
Plants need only a small quantity of the trace metals for 
satisfactory growth. Thus, when 22 inches of anaerobic lagoon effluent 
(equivalent of 2000-3000 lb N/acre) was applied to a growing crop of 
com, the percent removal in the plant tissue of N, P, K, FE, Cu and Zn 
was very poor and an accumulation of metals in the soil could be 
expected. The estimates provided in Tables 13b to 13i seem to bear 
out the fact if continued growth of a crop on a disposal site is to be 
expected, the quantity of application should be limited to the N, P and 
K needed. 
Our data show that if the crop yield is not important, large 
quantities of swine wastes could be applied to a disposal site on a 
short term basis without any problems. On a long term basis, however, 
continued accumulation of metals might cause toxicity problems for 
plant growth. 
Thus, the choice seems to be one of acceptable management, i.e. 
whether to use a small area for short duration intensive disposal or to 
increase the area sufficiently that it capitalizes on nutrient 
utilization while serving for long term disposal. 
Soil Analyses 
Loynachan (1972) reported on changes in soil that had received up 
to about 17 inches of anaerobic lagoon effluent. As the amount of 
applied effluent increased, organic carbon and total nitrogen content 
93 
of the soil decreased and phosphorus and exchangeable potassium 
increased. Differences were statistically significant. Electrical 
conductivity also increased with increasing amounts of anaerobic 
lagoon effluent applied but even at the highest application rate it 
did not present any threat to future crop production. 
Hinesly et al. (1972) and Koelliker (1972) reported respectively 
that applications of sludge and anaerobic swine wastes cause the soil 
pH to decrease. 
Wallingford et al. (1974) reported that after two seasons of 
application, anaerobic feedlot waste caused increased levels of 
extractable potassium in the top 10 centimeters of soil. Extractable 
sodium increased at all soil depths and electrical conductivity of the 
soil increased linearly with the amount of applied lagoon effluent. 
Hence the disposal of feedlot lagoon water was expected to eventually 
result in excess accumulations of salts unless the soil composition is 
closely monitored. 
For the study being reported on here, the first set of soil 
samples was collected in June of 1972. The pH for the surface layer 
of soil ranged from 6.2 to 6.4 and the electrical conductivity of the 
soil was essentially the same at all depths. A second set of soil 
samples was collected in April 1973 and both pll and electrical 
conductivity had decreased with respect to the samples collected in 
June 1972. The electrical conductivity of samples collected in 
October 1973 increased above those observed during June 1972 and 
April 1973. 
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Table 18b indicates that even though extremely large amounts of 
lagoon effluent were applied during 1968 to 1971, the electrical 
conductivity was normal after application was stopped for 1 year. 
Exchangeable potassium was first monitored in the samples 
collected during April 1973 and increases in concentration were 
observed when samples were collected in October 1973. 
In summation, the two years of data suggest that the application 
of animal wastes to soil will cause increases in conductivity and 
exchangeable potassium and a slight decrease in pH. Application rates, 
based on nitrogen, above 450-500 pounds per acre appear to cause 
greater increases in conductivity and exchangeable potassium. 
Water Quality Summary 
The anaerobic lagoon liquid used in this study typically had a pH 
ranging from 7.0 to 7.3, a nitrogen content of 400 to 500 mg/1, a 
chloride content of 250 to 300 mg/1, and a phosphorus content of 70 to 
80 mg/1 of phosphorus. Over the period from 1968 to present the pH has 
decreased slightly, the COD and chloride content has increased linearly 
with time, and the phosphorus has remained essentially constant. The 
soil to which this effluent was applied showed a capacity to remove 80 
percent of the nitrogen and 85 percent of the phosphorus based on 
analyses of porous cup samples. 
Analyses of the tile drainage revealed that removal of phosphorus, 
nitrogen and COD in the soil profile was slightly better in 1972 than 
in 1973. It is believed, however, that more direct channeling into the 
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tile drains in 1973 is responsible for the difference. Climatic 
events during the 1972-73 winter and spring are believed to have 
caused soil conditions that allowed channeling into the tile drains to 
occur. If this is true, this could account for the slightly better 
removal of nitrogen and COD in the soil profile in 1972. 
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TRENDS AND FINDINGS 
The trends and observations presented here summarize the more 
important findings in previous sections. Effluent from the Iowa State 
University Unit K anaerobic lagoon was applied to field plots by 
irrigation. Observations were made to evaluate changes in the soil and 
plant tissue that might result from the application of materials 
contained in the effluent. The lagoon is one component of a recycling 
system that performs the functions of separation, transport, treatment, 
storage and land disposal of swine manure. 
Data collected during the past several years show specific trends 
in some of the water-quality parameters of the lagoon effluent. 
Chemical oxygen demand, chloride concentration and nitrogen concentra­
tion are increasing with time, but there are two associated conditions 
that can be considered. The natural dilution due to rainfall may 
cause the water-quality parameters to stabilize at a low level. This 
is not the case. The other condition is that the recycling system, a 
method of manure management, may be a sufficient driving force to 
cause continuing changes in water quality with time. Though effluent 
is removed intermittently for use by the land disposal system, a 
sizable quantity of sludge remains (92 percent of the COD, 72 percent of 
the nitrogen and 89 percent of the phosphorus is contained in. the 
sludge). Wastes are added hourly to the lagoon 365 days per year. 
The continual addition of manure, and the fact that not all of the 
effluent and sludge are removed from the lagoon system, means that an 
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increase in the water-quality parameters mentioned above should be 
expected. 
The phosphorus concentration has remained constant during the past 
several years. The mechanism causing this is not clear. One hypothesis 
is that phosphorus is diffusing into the submerged soil surrounding the 
lagoon. The pH, based on a yearly average, is slowly decreasing also, 
but the quantity of metals, such as lead, copper and zinc, is quite 
low when compared with municipal treatment plant wastes. In the 
anaerobic lagoon there has been a gradual increase in sludge buildup, 
rather than the rapid buildup predicted by Loehr (1968) and Hart 
(1970). After slightly more than 10 years of operation, the lagoon is 
30 percent filled with sludge. A slow buildup is inevitable because, 
as methane gas is produced, there are nonvolatile solids that are not 
broken down. As previously indicated, the lagoon sludge does contain 
large amounts of nitrogen and phosphorus. 
These observations from the lagoon system are important because, 
if water-quality parameters such as nitrogen continue to increase, 
ammonia concentrations can cause toxicity problems within the lagoon 
system (reducing the efficiency of organic matter reduction). Also, 
if the sludge level increases substantially, it will diminish lagoon-
treatment efficiency and impair performance of the entire system. On 
the other hand, there seems to be no imminent danger from excessive 
quantities of heavy metals or salts. 
Application of the effluent to cropland is important to the 
disposal conçonent of the system. Equally important to the continued 
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function of disposal are favorable plant and soil conditions in the 
disposal area. 
The com grain yield from the research plots in the disposal area 
indicates a definite trend to decreased yields with increasing amounts 
of applied lagoon effluent; but data on the nutrient content in the 
leaf and grain tissue do not show abnormally high levels. Thus, the 
data suggest a decrease in yield will occur only when more nutrients 
than are needed are applied to a growing crop. More important, perhaps, 
is the indication that excessive applications of anaerobic-lagoon 
effluent will not cause toxicity problems to vegetation or to animals 
when the harvested plants are consumed. 
The application of large quantities of phosphorus has caused a 
fear of induced toxicity problems. During 1972 and 1973 there was no 
interference found with plant uptake of copper, iron or zinc because 
of added phosphorus in the applied lagoon effluent, a problem observed 
by others. 
An interesting and important result was damage (burning of com 
leaves) that occurred when anaerobic lagoon liquid was applied to 
immature plants during the first month of growth after emergence. 
Although the exact cause was not determined, it was probably due to a 
combination of, high air tenqjerature and high ammonia concentration; 
high temperature and salt concentration; or a combination of 
temperature, ammonia and salt level. 
Crop production on a disposal site is a viable option to remove 
nutrients. Removal of the entire plant is an effective 
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nutrient-removal technique. Major plant nutrients and micronutrients 
are removed from the soil. As more and more wastes are applied to the 
soil, the ability of plants to remove plant nutrients and micronutrient 
metals is reduced. Logically, this means that micronutrient metals 
can increase in the soil. If swine-waste-disposal applications to the 
soil are limited by the requirements of nitrogen, phosphorus and 
potassium, a buildup of micronutrients is not likely to occur. 
Salinity is not seen as a problem for swine-waste-disposal 
systems in Iowa. As an example, the tile-drained plots used for the 
research (1972 and 1973) were used from 1968 to 1970 for disposal of 
swine wastes and an accumulated maximum of 108 inches of lagoon 
effluent has been applied to the plots. Analysis of soil samples 
collected before the beginning of irrigation in 1972 indicated that 
the conductivity of the soil was about 0.3 mmhos per centimeter after 
the site had been idle for one year. The conductivity test is a 
measure of soil salinity, and there is a close correlation between 
electrical conductivity and dissolved salts. The test is simple and 
equipment is available in most soils laboratories. Thus this test is 
logically used to verify that salts are not accumulating. Salt in the 
plots at the Swine Nutrition Research Station has evidently leached 
through the soil profile and into the tile-drainage system. 
A manure-management system of recycling with an anaerobic lagoon 
for treatment and storage has operated as a unified system for about 
7 years. Land disposal of anaerobic swine wastes has proved 
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satisfactory (according to present information), and the application 
of excessive amounts of nutrients to a growing crop has not caused 
toxicity problems to the crop or the animals that consume the crop. 
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FURTHER RESEARCH 
On an engineering basis, the techniques are now reasonably well-
developed to treat, transport and apply swine wastes to the soil. There 
are other problems that remain unanswered. One of these is to determine 
the long-term effect of heavy metals on the soil. This could be 
accomplished by continuing to use the same area for disposal of animal 
wastes, while undertaking periodic analysis of the liquid applied for 
its metal content, the recording of amounts applied, and observation of 
the metals in the soil on a limited basis. 
Closely related to the above problem are deficiencies induced by 
excessive quantities of phosphorus. A controlled experiment in the 
greenhouse could seem to be a likely approach for this type of study. 
Phosphorus-induced deficiencies are also of current interest to those 
working with the disposal of municipal treatment plant wastes. 
The concentration of certain metals in the sludge merits further 
study because, for example, the literature indicates a buildup of 
copper. 
As new swine research facilities are constructed at the University, 
an effort should be made to set up drainage lines so that flows into a 
system can be measured. Records should also be kept on amounts 
removed from lagoons by irrigation. This would add more validity to 
data that are routinely collected on the Unit K and other existing 
lagoons. 
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APPENDIX A; LEAF TISSUE DATA - 1972 AND ANALYSIS OF VARIANCE TABLES 
FOR LEAF TISSUE DATA (TILE-DRAINED PLOTS) 
Table Al. Leaf tissue analysis - 1972 (tile-drained plots) 
Treat- Element 
:nt P 
(%) 
K 
(%) 
Ca 
(%) 
Mg 
(%) 
Na 
(%) 
Mn 
(ppm) 
Fe B 
(ppm) (ppm) 
Cu 
(ppm) 
Zn 
(ppm) 
A1 
(ppm) 
Sr 
(ppm) 
Ba 
(ppm) 
Mo 
(ppm) 
N 
(%) 
1 0.45 1.70 0.84 0.32 0.03 91.0 
Block 1 
167.0 12.0 8.0 28.0 162.0 29.0 11.0 0.86 2.35 
2 0.67 1.71 0.79 0.26 0.07 93.0 183.0 14.0 8.0 40.0 188.0 29.0 11.0 1.17 2.15 
3 0.65 1.65 0.67 0.22 0.10 97.0 180.0 12.0 8.0 39.0 190.0 29.0 12.0 0.82 2.45 
4 0.62 1.70 0.67 0.22 0.11 71.0 213.0 11.0 7.0 36.0 216.0 25.0 9.0 0.43 1.80 
1 0.60 1.51 0.88 0.34 0.02 88.0 
Block 2 
185.0 15.0 8.0 34.0 157.0 28.0 10.0 1.64 2.55 
2 0.67 1.78 0.94 0.31 0.07 87.0 188.0 13.0 8.0 38.0 191.0 32.0 12.0 0.90 2.30 
3 0.70 1.93 0.83 0.27 0.12 79.0 234.0 13.0 8.0 47.0 218.0 29.0 10.0 0.86 2.45 
4 0.76 1.84 0.76 0.26 0.11 87.0 234.0 13.0 8.0 62.0 236.0 31.0 10.0 0.89 2.10 
1 0.49 1.25 0.87 0.33 0.03 54.0 
Block 3 
145.0 12.0 8.0 31.0 126.0 26.0 11.0 0.77 2.00 
2 0.50 1.73 0.86 0.29 0.08 61.0 191.0 13.0 8.0 30.0 198.0 31.0 11.0 0.78 2.15 
3 0.66 2.09 0.87 0.24 0.12 46.0 216.0 13.0 8.0 48.0 246.0 29.0 10.0 0.78 2.50 
4 0.74 1.86 1.06 0.30 0.12 89.0 308.0 17.0 9.0 83.0 359.0 31.0 14.0 2.07 2.45 
Table A2. Leaf tissue analysis mean values ~ 1972 (tile-drained plots) 
Element Treat­
ment P K Ca Mg Na Mn Fe B • Cu Zn A1 Sr Ba Mo N 
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 0.51 1.49 0.86 0.33 0.027 77.7 165.7 13.0 8.0 31.0 148.3 27.7 10.7 1.09 2.30 
2 0.61 1.74 0.91 0.29 0.073 80.3 187.3 13.3 8.0 36.0 192.3 30.7 11.3 0.95 2.25 
3 0.67 1.89 0.79 0.24 0.113 74.0 210.0 12.7 8.0 44.7 218.0 29.0 10.7 0.82 2.47 
4 0.71 1.80 0.83 0.26 0.113 82.3 251.7 13.7 8.0 60.3 270.3 29.0 11.0 1.13 2.12 
Overall 
mean 0.63 1.73 0.84 0.28 0.082 78.6 203.7 13.2 8.0 43.0 207.3 29.0 10.9 1.00 2.27 
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Table A3. Analysis of variance for sodium — 1972 
Source DF MS F 
Blocks 2 0.000108 2.60 
Treatments 3 0.005100 122.40 
Error 6 0.000042 
Table A4. Analysis of variance for iron - 1972 
Source DF MS F 
Blocks 2 985.58 1.10 
Treatments 3 4054.89 4.54 
Error 6 892.81 
Table A5. Analysis of variance for phosphorus - 1972 
Source DF MS F 
Blocks 2 0.00963 2.31 
Treatment 3 0.02129 5.13 
Error 6 0.0415 
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Table A6. Analysis of variance for magnesium - 1972 
Source DF MS F 
Blocks 2 0.00190 5.34 
Treatment 3 0.00429 12.06 
Error 6 0.00036 
Table A7. Analysis of variance for aluminum - 1972 
Source DF MS F 
Blocks 2 2007.25 1.16 
Treatments 3 7788.75 4.51 
Error 6 1726.58 
Table A8. Analysis of variance for zinc - 1972 
Source DF MS F 
Blocks 2 165.25 1.10 
Treatments 3 496.22 3.31 
Error 6 150.14 
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APPENDIX B: CORN GRAIN TISSUE DATA - 1972 AND ANALYSIS OF VARIANCE 
TABLES FOR GRAIN TISSUE DATA (TILE-DRAINED PLOTS) 
Table Bl. Grain tissue analysis - 1972 (tile-drained plots) 
Element 
Block Treatment P K Mg Mn Fe B Cu Zn A1 Sr Ba Mo N 
(%) (%) (%) (ppra) (ppm) (ppm) (ppm) (ppm) (ppra) (ppra) (ppm) (ppm) (%) 
1 1 0.50 0.66 0.13 23.0 69.0 18.0 7.0 37.0 33.0 49.0 12.0 0.98 1.70 
1 2 0.43 0.60 0.09 24.0 62.0 18.0 7.0 38.0 31.0 41.0 10.0 0.65 1.67 
1 3 0.44 0.59 0.06 26.0 67.0 16.0 7.0 40.0 32.0 19.0 11.0 0.84 1.78 
1 4 0.31 0.52 0.00 24.0 65.0 15.0 7.0 40.0 35.0 23.0 12.0 0.71 1.65 
2 1 0.52 0.72 0.14 28.0 72.0 23.0 7.0 39.0 32.0 26.0 11.0 0.89 1.68 
2 2 0.42 0.64 0.09 26.0 66.0 18.0 7.0 36.0 34.0 25.0 10.0 0.61 1.72 
2 3 0.63 0.64 0.13 32.0 91.0 31.0 8.0 55.0 41.0 35.0 16.0 1.88 1.70 
2 4 0.44 0.63 0.09 26.0 66.0 22.0 7.0 37.0 31.0 34.0 11.0 0.79 1.74 
3 1 0.44 0.65 0.13 23.0 60.0 15.0 6.0 34.0 31.0 34.0 10.0 0.54 1.70 
3 2 0.45 0.62 0.12 23.0 63.0 15.0 6.0 33.0 30.0 35.0 10.0 0.59 1.63 
3 3 0.43 0.59 0.13 24.0 65.0 15.0 6.0 34.0 33.0 37.0 10.0 0.58 1.75 
3 4 0.45 0.64 0.09 26.0 66.0 15.0 7.0 39.0 33.0 25.0 11.0 0.73 1.75 
Table B2, Grain tissue analysis mean values - 1972 (tile-drained plots) 
Element 
Treatment P K Mg Mn Fe B Cu Zn A1 Sr Ba Mo N 
(%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 0.49 0.68 0.13 24.6 67.0 18.6 6.7 36.7 32.0 36.3 11.0 0.80 1.69 
2 0.43 0.62 0.10 24.3 63.6 17.0 6.7 35.7 31.7 33.7 10.0 0.62 1.67 
3 0.50 0.61 0.11 27.3 74.3 20.7 7.0 43.0 35.3 30.3 12.3 1.10 1.74 
4 0.40 0.60 0.06 25.3 65.7 17.3 7.0 38.6 33.0 27.3 11.3 0.74 1.71 
Overall mean 0.46 0.63 0.10 25.4 67.7 18.4 6.8 38.5 33.0 31.9 11.2 0.82 1.71 
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Table B3. Analysis of variance for potassium - 1972 
Source DF MS F 
Blocks 2 0.004225 4.41 
Treatments 3 0.003833 4.00 
Error 6 0.000958 
Table B4. Analysis of variance for magnesium - 1972 
Source DF MS F 
Blocks 2 0.002725 4.21 
Treatments 3 0.002755 4.26 
Error 6 0.0006472 
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APPENDIX C: LEAF TISSUE DATA - 1973 AND ANALYSIS OF VARIANCE TABLES 
FOR LEAF TISSUE DATA (TILE-DRAINED PLOTS) 
Table Cl, Leaf tissue analysis - 1973 (tile-drained plots) 
Treat- Element 
Block ment P K Ca Mg Na Mn Fe B Cu Zn A1 Sr Ba Mo N 
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 1 0.46 1.77 0.64 0,30 0.00 47.0 152.0 13.0 10.0 26,0 67.0 25,0 8.0 0.78 2.74 
1 2 0.65 1.92 0.63 0.23 0.09 50.0 341.0 10.0 8.0 35.0 92.0 25.0 8.0 0.68 2.97 
1 3 0.74 1.64 0.72 0.21 0.10 84.0 198.0 11.0 8.0 43.0 115.0 27,0 11.0 0,74 3,06 
1 4 0.67 1.45 0.76 0.25 0.10 75.0 207.0 12.0 8.0 44.0 108.0 28,0 9.00 0.88 3,29 
2 1 0.63 1.75 0,84 0.35 0.03 53.0 228.0 14.0 10.0 34.0 69.0 26,0 9.0 1.42 2,89 
2 2 0.79 1.73 0.84 0.29 0.09 53.0 216.0 11.0 8.0 38.0 104.0 27,0 10.0 0.97 2.92 
2 3 0.70 1.79 0.60 0.20 0,11 39.0 182.0 11.0 8.0 30.0 96.0 24,0 8.0 0.50 3.22 
2 4 0.76 1.73 0.72 0.27 0.11 89.0 226.0 12.0 10,0 64.0 124.0 28.0 9.0 1.07 3.83 
3 1 0.42 1.68 0.78 0.29 0.04 32.0 124.0 11.0 8,0 29.0 58.0 27.0 8.0 0.90 2.53 
3 2 0.60 1.65 0.74 0.27 0.09 31.0 185.0 11.0 8,0 31.0 107.0 26.0 9.0 1.09 3.03 
3 3 0.59 1.63 0.82 0.19 0.10 28.0 174.0 12.0 9,0 35.0 96,0 25.0 8.0 0.68 3.21 
3 4 0.74 1.70 1.03 0.25 0.11 86.0 245.0 15.0 9,0 47.0 145,0 29.0 12.0 1.44 3.34 
Table C2. Leaf tissue analysis mean values - 1973 (tlle-dralned plots) 
Element 
Itment P K Ca Mg Na Mn Fe B Cu Zn A1 Sr Ba Mo N 
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 0.50 1.73 0.75 0.31 0,023 44.0 168.0 12.7 9.3 29.7 64.7 26.0 8.33 1.03 2.72 
2 0.68 1.77 0.74 0.26 0.090 44.7 247.3 10.7 8.0 34.7 101.0 26.0 9.00 0.91 2.97 
3 0.68 1.69 0.71 0.20 0.103 50.3 184.7 11.3 8.3 36.0 102.3 25.3 9.00 0.64 3.16 
4 0.72 1.63 0.83 0.26 0.107 83.3 226.0 13.0 9.0 51.7 125.7 28.3 10.00 1.13 3.49 
Overall 
mean 0.65 1.70 0.76 0.26 0.080 55.6 206.5 11.9 8.7 38.0 98.4 26.4 9.08 0.93 3.09 
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Table C3. Analysis of variance for phosphorus - 1973 
Source DF ÎG F 
Blocks 2 0.018308 4.54 
Treatments 3 0.028431 7.05 
Error 6 0.004036 
Table C4. Analysis of variance for magnesium - 1973 
Source DF MS F_ 
Blocks 2 0.001108 3.05 
Treatments 3 0.006456 17.74 
Error 6 0.000364 
Table C5. Analysis of variance for sodium - 1973 
Source DF F 
Blocks 2 0.000208 2.14 
Treatments 3 0.004564 46.94 
Error 6 0.0000972 
Table C6. Analysis of variance for manganese - 1973 
Source DF MS F_ 
Blocks 2 415.58 1.60 
Treatments 3 1050.97 4.05 
Error 6 259.47 
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Table C7. Analysis of variance for zinc — 1973 
Source DF ÎB F 
Blocks 2 39.000 0.79 
Treatments 3 271.333 5.46 
Error 6 49.667 
Table C8. Analysis of variance for aluminum - 1973 
Source DF MS F 
Blocks 2 36.083 0.27 
Treatments 3 1903.639 10.85 
Error 6 175.306 
Table C9. Analysis of variance for nitrogen - 1973 
Source DF ÎC F_ 
Blocks 2 0.0502 1.82 
Treatments 3 0.3132 11.38 
Error 6 0.2753 
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APPENDIX D: GRAIN TISSUE DATA - 1973 AND ANALYSIS OF VARIANCE TABLES 
FOR GRAIN TISSUE DATA (TILE-DRAINED PLOTS) 
Table Dl, Grain tissue analysis - 1973 (tile-drained plots) 
Element 
uock Treat­ P K Mg Fe B Cu Zn Sr Ba Mo N 
ment (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 1 0.96 0.67 0.25 59.0 10,0 6.0 30.0 22.0 4.0 0.86 1.29 
1 2 0.89 0.60 0.23 61.0 9.0 6.0 39.0 21.0 4.0 0.79 1.32 
1 3 0.63 0.54 0.13 55.0 9,0 6.0 35.0 21.0 3.0 0.73 1.49 
1 4 0.56 0.46 0.09 57.0 8.0 5.0 33.0 19.0 3.0 0.60 1.68 
2 1 0.43 0.43 0.09 44.0 8.0 6.0 19.0 20.0 3.0 0.58 1.29 
2 2 0.61 0.54 0.14 55.0 9.0 6.0 30.0 20.0 4.0 0.83 1.35 
2 3 0.52 0.47 0.10 48.0 7.0 5.0 29.0 21.0 3.0 0.41 1.24 
2 4 0.61 0.52 0.13 92.0 9.0 6.0 43.0 22.0 4.0 0.63 1.91 
3 1 0.87 0.69 0.17 66.0 10.0 6.0 49.0 22.0 3.0 0.70 1.64 
3 2 0.57 0.48 0.15 47.0 9.0 5.0 24.0 21.0 3.0 0.53 1.35 
3 3 0.80 0.56 0.18 59.0 10.0 6.0 35.0 20.0 4.0 0.73 1.26 
3 4 0.51 0.46 0.14 45.0 9.0 6.0 22.0 20.0 3.0 0.63 1.33 
Table D2, Grain tissue analysis mean values - 1973 (tlle-dralned plots) 
Element 
Treatment P K Mg Fe B Cu Zn Sr Ba Mo N 
(%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 0.75 0.597 0.170 56.3 9.33 6.0 32.7 21.3 3.33 0.71 1.41 
2 0.69 0.540 0.173 54.3 9.00 5.7 31.0 20.7 3.67 0.72 1.34 
3 0.65 0.523 0.137 54.0 8.67 5.7 33.0 20.7 3.33 0.62 1.33 
4 0.56 0.480 0.120 64.7 8.67 5.7 32.7 20.3 3.33 0.62 1.64 
Overall mean 0.66 0.540 0.150 57.3 8.92 5.8 32.3 20.8 3.42 0.67 1.43 
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APPENDIX E: SOYBEAN GRAIN TISSUE - 1972 AND ANALYSIS OF VARIANCE TABLES 
FOR SOYBEAN GRAIN TISSUE 
Table El. Soybean grain tissue analysis - 1972 
Element 
ock Treat­ P K Ca Mg N Mn Fe B Cu Zn A1 Sr Ba Mo 
ment (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
1 1 0.59 1.66 0.22 0.27 6.87 29.0 129.0 20.0 13.0 45.0 45.0 42.0 13.0 1.30 
1 2 0.53 1.85 0.18 0.26 6.20 33.0 122.0 20.0 9.0 42.0 52.0 54.0 13.0 1.17 
1 3 0.60 1.97 0.21 0.27 6.26 32.0 117.0 17.0 10.0 41.0 47.0 51.0 11.0 1.07 
1 4 0.74 1.87 0.21 0.30 6.37 39.0 128.0 25.0 11.0 53.0 48.0 40.0 14.0 1.75 
1 5 0.64 1.79 0.18 0.25 6.04 32.0 116.0 23.0 10.0 44.0 44.0 39.0 13.0 1.43 
1 6 0.72 1.98 0.21 0.29 6.14 36.0 129.0 23.0 10.0 47.0 50.0 48.0 13.0 1.44 
2 1 0.88 1.95 0.19 0.33 5.60 22.0 160.0 26.0 15.0 46.0 15.0 21.0 8.0 0.85 
2 2 1.21 2.24 0.16 0.32 6.38 32.0 140.0 26.0 8.0 47.0 34.0 21.0 8.0 0.73 
2. 3 1.13 2.13 0.20 0.32 5.65 26.0 169.0 27.0 11.0 41.0 35.0 19.0 8.0 1.44 
2 4 1.21 2.37 0.15 0.32 6.42 36.0 223.0 27.0 10.0 54.0 14.0 20.0 8.0 1.27 
2 5 0.85 1.98 0.16 0.31 5.97 24.0 140.0 25.0 10.0 39.0 17.0 20.0 7.0 1.11 
2 6 1.19 2.35 0.16 0.32 5.90 29.0 152.0 27.0 8.00 48.0 15.0 21.0 7.0 1.09 
3 1 1.38 1.87 0.24 0.49 5.82 29.0 164.0 34.0 10.0 60.0 27.0 21.0 10.0 2.37 
3 2 1.28 2.17 0.14 0.31 6.16 125.0 402.0 26.0 11.0 67.0 21.0 17.0 9.0 1.11 
3 3 1.12 2.10 0.21 0.33 5.95 31.0 241.0 28.0 10.0 53.0 114.0 20.0 10.0 0.91 
3 4 1.27 2.17 0.17 0.35 6.20 31.0 150.0 27.0 10.0 57.0 13.0 19.0 9.0 1.32 
3 5 1.12 2.13 0.18 0.33 5.93 26.0 193.0 25.0 9.0 42.0 13.0 19.0 8.0 0.97 
3 6 1.22 2.14 0.18 0.32 5.90 29.0 177.0 26.0 9.0 52.0 100.0 16.0 8.0 1.57 
Table E2. Soybean grain tissue mean values - 1972 
Element 
Treatment P K Ca Mg N Mn Fe B Cu Zn A1 Sr Br Mo 
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 
1 0.95 1.83 0.22 0.33 6.09 26.7 151.0 26.7 12.7 50.3 29.0 28.0 10.3 1.51 
2 1.01 2.08 0.16 0.30 6.25 63.3 221.3 24.0 9.3 52.0 35.7 30.7 10.0 1.00 
3 0.95 2.06 0.21 0.31 5.95 29.7 175.7 24.0 10.3 45.0 65.3 30.0 9.7 1.14 
4 1.07 2.14 0.18 0.32 6.33 35.3 167.0 26.3 10.3 54.7 25.0 26.3 10.3 1.45 
5 0.87 1.97 0.17 0.30 5.98 27.3 149.7 24.3 9.7 41.7 24.7 26.0 9.3 1.17 
6 1.04 2.16 0.18 0.31 5.98 31.3 152.7 25.3 9.0 49.0 55.0 28.3 9.3 1.37 
Overall 
mean 0.98 2.04 0.19 0.31 6.10 35.6 169.6 25.1 10.2 48.8 39.1 28.2 9.8 1.27 
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Table E3. Analysis of variance for potassium - 1972 
Source DF 1Ç ^ F 
Blocks 2 0.16487 23.67 
Treatments 5 0.04604 6.61 
Error 10 0.00697 
Table E4. Analysis of variance for calcium - 1972 
Source DF MS F 
Blocks 2 0.001505 5.97 
Treatments 5 0.001378 5.47 
Error 10 0.000252 
Table E5. Analysis of variance for copper - 1972 
Source DF ÎÇ F 
Blocks 2 0.772 0.36 
Treatments 5 5.156 2.59 
Error 10 1.989 
Table E6. Analysis of variance for zinc - 1972 
Source DF ÎÇ F 
Blocks 2 184.06 7.25 
Treatments 5 67.42 2.66 
Error 10 25.39 
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APPENDIX F: LEAF TISSUE ANALYSIS DATA, 1972 AND 
ANALYSIS OF VARIANCE TABLES (WEST PLOTS) 
Table Pl. Leaf tissue analysis - 1972 (west plots) 
Element 
Treat- P K Ca Mg Na 
nient (%) (%) (%) (%) (%) 
Mn Fe B Cu Zn A1 Sr Ba Mo N 
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) 
Block 1 
1 0.30 1.16 0.98 0.31 0.08 32.0 148.0 15.0 8.0 26.0 167.0 27.0 6.0 0.87 2.15 
2 0.73 2.04 0.88 0.24 0.12 99.0 215.0 16.0 9.0 61.0 226.0 34.0 13.0 1.21 2.45 
3 0.34 1.45 1.11 0.26 0.09 36.0 162.0 15.0 8.0 32.0 169.0 29.0 8.0 1.06 2.15 
4 0.61 1.78 1.05 0.26 0.14 65.0 247.0 18.0 9.0 44.0 260.0 33.0 10.0 1.26 2.10 
5 0.40 1.52 1.14 0.31 0.09 39.0 177.0 15.0 10.0 34.0 156.0 29.0 8.0 1.13 2.30 
6 0.61 1.85 0.80 0.22 0.14 73.0 269.0 15.0 8.0 39.0 252.0 31.0 11.0 0.97 2.10 
1 0.34 1.28 0.92 0.37 0.06 28.0 
Block 2 
158.0 14.0 9.0 30.0 148.0 27.0 8.0 1.21 2.05 
2 0.77 1.90 0.81 0.19 0.13 66.0 206.0 15.0 7.0 39.0 233.0 29.0 9.0 0.60 2.10 
3 0.57 1.52 1.06 0.29 0.09 45.0 188.0 16.0 11.0 31.0 173.0 29.0 9.0 1.10 2.35 
4 0.79 1.63 1.08 0.24 0.13 81.0 253.0 17.0 9.0 49.0 265.0 33.0 12.0 0.91 2.15 
5 0.39 1.30 1.49 0.36 0.09 52.0 248.0 21.0 22.0 47.0 234.0 31.0 9.0 3.37 1.85 
6 0.87 1.92 0.95 0.20 0.15 70.0 281.0 17.0 9.0 51.0 301.0 32.0 10.0 1.01 2.75 
1 0.48 1.41 1.00 0.32 0.06 42.0 
Block 3 
162.0 18.0 
; 
8.0 25.0 194.0 31.0 8.0 1.40 2.10 
2 0.89 1.82 0.99 0.21 0.13 81.0 244.0 17.0 6.0 51.0 326.0 31.0 12.0 0.68 1.60 
3 0.47 1.49 0.79 0.27 0.10 40.0 159.0 15.0 8.0 28.0 204.0 30.0 8.0 0.87 2.15 
4 0.67 1.63 0.72 0.18 0.13 96.0 202.0 14.0 7.0 44.0 239.0 28.0 9.0 0.52 2.85 
5 0.52 1.42 0.85 0.28 0.08 37.0 173.0 17.0 8.0 32.0 173.0 30.0 9.0 1.01 1.65 
6 0.87 1.80 0.97 0.20 0.14 85.0 253.0 18.0 8.0 60.0 307.0 32.0 10.0 0.65 2.35 
Table F2, Leaf tissue analysis treatment mean values - 1972 
Element 
Treat- P K Ca Mg Na Mn Fe B Cu Zn A1 Sr Ba Mo N 
ment (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm)(ppm) (ppm) (ppm) (ppm) (ppm) (%) 
1 0.373 1.28 0.97 0.33 0.067 34.0 156.0 15.7 8.3 27.0 169.7 28.3 7.3 1.16 2.10 
2 0.796 1.92 0.89 0.21 0.126 82.0 221.0 16.0 7.3 50.3 261.7 31.3 11.3 0.83 2.05 
3 0.460 1.48 0.99 0.27 0.093 40.3 169.7 15.3 9.0 30.3 182.0 29.3 8.3 1.01 2.22 
4 0.690 1.68 0.95 0.23 0.133 80.7 234.0 16.3 8.3 45.7 254.7 31.3 10.3 0.90 2.37 
5 0.437 1.41 1.16 0.32 0.087 42.7 199.3 17.7 13.3 37.7 187.7 30.0 8.7 1.84 1.93 
6 0.783 1.85 0.91 0.21 0.143 76.0 267.7 16.7 8.3 50.0 286.7 31.7 10.3 0.88 2.40 
Overall 
mean 0.590 1.61 0.98 0.26 0.108 59.3 208.1 16.3 9.1 40.2 223.7 30.3 9.4 1.10 2.17 
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Table F3. Analysis of variance for phosphorus - 1972 
Source DF MS F 
Block 2 0.0390 7.41 
Treatment 5 0.1065 20.22 
Error 10 0.0053 
Table F4. Analysis of variance for potassium - 1972 
Source DF MS F 
Block 2 0.0032 0.33 
Treatment 5 0.1934 19.61 
Error 10 0.0099 
Table F5. Analysis of variance for magnesium - 1972 
Source DF MS F 
Block 2 0.00162 2.14 
Treatment 5 0.00893 11.80 
Error 10 0.00076 
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Table F6. Analysis of variance for sodium - 1972 
Source DF MS F 
Block 2 .0000167 0.29 
Treatment 5 .0027700 48.88 
Error 10 .0008500 
Table F7. Analysis of variance for manganese - 1972 
Source DF MS F 
Block 2 80.4 0.63 
Treatment 5 1516.3 11.95 
Error 10 126.9 
Table F8. Analysis of variance for iron - 1972 
Source DF MS F 
Block 2 943.4 1.88 
Treatment 5 5202.8 10.35 
Error 10 502.4 
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Table F9, Analysis of variance for zinc - 1972 
Source DF MS F 
Block 2 5.17 0.08 
Treatment 5 303.97 4.85 
Err^ 10 62.63 
Table FIO. Analysis of variance for aluminum - 1972 
Source DF MS F 
Block 2 1907.4 1.95 
Treatment 5 7393.3 7.55 
Error 10 978.7 
Table Fll. Analysis of variance for borium - 1972 
Source DF MS F 
Block 2 0.056 0.03 
Treatment 5 6.856 3.83 
Error 10 1.789 
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APPENDIX G: SOIL ANALYSIS DATA, JUNE 1972 - TILE-DRAINED PLOTS 
134 
Table Gl. Soil carbon (%) - June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 3.099 2.459 0.995 
1 1 5.248 2.800 1.187 
1 1 3.378 2.086 1.176 
1 2 3.910 3.195 1.717 
1 2 4.146 4.136 1.710 
1 2 4.173 3.086 1.589 
1 3 4.597 3.390 1.548 
1 3 4.159 2.465 1.400 
1 3 4.905 1.404 
1 4 3.485 2.763 1.192 
1 4 1.950 2.369 0.450 
1 4 3.682 3.227 1.092 
2 1 *** 2.866 1.077 
2 1 3.633 2.975 0.915 
2 1 3.935 2.510 0.833 
2 2 3.886 3.529 1.109 
2 2 4.9995 3.093 0.946 
2 2 4.653 2.441 1.029 
2 3 1.388 2.881 1.246 
2 3 2.052 1.953 2.992 
2 3 3.933 2.737 1.561 
2 4 4.011 3.724 2.177 
2 4 3.944 3.806 2.000 
2 4 5.194 3.617 *** 
3 1 6.677 2.926 2.179 
3 1 5.603 3.399 *** 
3 1 5.240 3.684 1.649 
3 2 3.669 3.427 0.836 
3 2 3.496 2.364 *** 
3 2 3.705 1.599 0.970 
3 3 5.223 3.366 2.350 
3 3 5.479 *** *** 
3 3 5.757 4.280 1.576 
3 4 3.890 2.168 0.733 
3 4 4.123 2.880 0.874 
3 4 4.567 2.146 1.064 
^*** on this and subsequent tables indicates data not 
available. 
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Table G2. pH data - June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 6.6 6.1 *** 
1 1 *** 6.2 6.5 
1 1 6.0 6.0 6.4 
1 2 6.1 6.0 6.5 
1 2 6.1 6.0 6.3 
1 2 5.8 5.9 6.5 
1 3 6.1 6.2 *** 
1 3 6.5 6.9 6.6 
1 3 6.0 6.0 6.2 
1 4 6.3 6.3 6.2 
1 4 6.1 6.1 6.4 
1 4 6.6 6.2 6.9 
2 1 5.8 6.1 6.4 
2 1 6.3 6.4 *** 
2 1 6.2 6.1 6.5 
2 2 6.7 6.0 6.0 
2 2 6.0 6.1 6.3 
2 2 6.4 6.0 6.4 
2 3 6.1 6.2 6.6 
2 3 6.8 6.8 6.9 
2 3 6.4 6.1 6.3 
2 4 6.3 6.2 6.5 
2 4 6.4 6.0 6.3 
2 4 6.1 5.8 6.2 
3 1 6.4 *** 6.3 
3 1 6.0 *** *** 
3 1 6.5 6.4 6.5 
3 2 6.3 6.3 6.7 
3 2 6.3 6.0 6.4 
3 2 6.3 6.2 6.5 
3 3 6.8 7.0 7.0 
3 3 6.5 7.0 7.0 
3 3 6.6 6.8 6.8 
3 4 6.8 6.3 6.6 
3 4 6.5 6.9 6.6 
3 4 *** 7.0 6.7 
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Table G3. Conductivity (micromhos/cm) - June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 359 140 193 
1 1 *** 295 253 
1 1 327 152 346 
1 2 424 147 253 
1 2 305 453 443 
1 2 359 135 511 
1 3 269 320 304 
1 3 209 461 532 
1 3 307 *** *** 
1 4 368 274 267 
1 4 267 219 223 
1 4 261 271 325 
2 1 427 478 368 
2 1 299 360 344 
2 1 *** 298 386 
2 2 662 486 362 
2 2 278 382 295 
2 2 400 429 516 
2 3 492 338 429 
2 3 782 453 375 
2 3 249 282 438 
2 4 239 239 *** 
2 4 319 274 250 
2 4 280 521 462 
3 1 235 *** *** 
3 1 306 *** *** 
3 1 220 447 286 
3 2 349 303 342 
3 2 313 271 358 
3 2 250 *** 413 
3 3 447 264 507 
3 3 449 275 282 
3 3 304 538 260 
3 4 522 368 *** 
3 4 637 *** 423 
3 4 473 129 411 
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Table G4. Soil nitrogen (%), June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.212 0.181 0.065 
1 1 0.291 0.242 0.095 
1 1 0.225 0.157 0.096 
1 2 0.266 0.229 0.076 
1 2 0.2795 0.276 0.114 
1 2 0.291 0.233 0.100 
1 3 *** 0.234 0.101 
1 3 0.278 0.178 0.091 
1 3 0.330 *** 0.086 
1 4 0.251 0.211 0.096 
1 4 0.159 0.152 0.073 
1 4 0.260 0.224 0.081 
2 1 0.134 0.210 0.083 
2 1 0.182 0.231 0.077 
2 1 0.285 0.195 0.073 
2 2 0.283 0.218 0.093 
2 2 0.346 0.223 0.076 
2 2 0.313 0.215 0.079 
2 3 0.269 0.132 0.097 
2 3 0.246 0.133 0.074 
2 3 0.278 0.214 0.105 
2 4 0.178 0.166 0.140 
2 4 0.135 0.142 0.135 
2 4 *** 0.0175 *** 
3 1 0.373 0.211 0.092 
3 1 0.384 0.226 *** 
3 1 0.320 0.263 0.094 
3 2 0.361 *** 0.076 
3 2 0.237 *** 0.103 
3 2 0.252 0.141 0.069 
3 3 0.379 0.251 0.179 
3 3 0.392 *** *** 
3 3 0.449 0.333 0.1122 
3 4 0.206 0.136 0.067 
3 4 0.350 0.234 0.076 
3 4 0.307 0.196 0.079 
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Table G5. Total nitrogen (%) mean values - June 1972 (tile-drained 
plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.243 0.193 0.085 
1 2 0.279 0.246 0.097 
1 3 0.205 0.206 0.093 
1 4 0.223 0.195 0.083 
2 1 0.200 0.212 0.077 
2 2 0.314 0.219 0.083 
2 3 0.264 0.193 0.062 
2 4 0.213 0.161 0.138 
3 1 0.359 0.233 0.093 
3 2 0.283 0.141 0.826 
3 3 0.406 0.292 0.145 
3 4 0.287 0.189 0.073 
Table 66. Soil carbon (%) mean values - June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 3.908 2.448 1.119 
1 2 4.076 3.472 1.672 
1 3 4.553 2.927 1.451 
1 4 3.039 2.786 0.912 
2 1 2.828 2.784 0.942 
2 2 4.513 3.021 1.028 
2 3 2.458 2.524 1.933 
2 4 4.383 3.716 2.088 
3 1 5.840 3.336 1.914 
3 2 3.623 2.130 0.903 
3 3 5.486 3.823 1.963 
3 4 4.193 2.398 0.890 
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Table G7, Conductivity (micromhos/cm) mean values - June 1972 (tile-
drained plots) 
Block Treatment 0-6 inches 6-12 Inches 12-24 inches 
1 1 343 196 264 
1 2 336 245 402 
1 3 262 390 418 
1 4 299 255 272 
2 1 363 379 366 
2 2 447 432 391 
2 3 508 358 414 
2 4 279 345 356 
3 1 254 447 322 
3 2 304 287 371 
3 3 400 359 349 
3 4 544 248 417 
Table G8. pH mean values - June 1972 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 : 
1 1 6.3 6.1 6.5 
1 2 6.0 7.0 6.4 
1 3 6.2 6.4 6.4 
1 4 6.3 6.2 6.5 
2 1 6.1 6.2 6.5 
2 2 6.4 6.0 6.2 
2 3 6.4 6.4 6.6 
2 4 6.3 6.0 6.3 
3 1 6.3 6.4 6.4 
3 2 6.3 6.2 6.5 
3 3 6.6 6.9 6.9 
3 4 6.7 6.7 6.6 
Table G9. Means of pH, conductivity (micromhos/cra), carbon (%), and nitrogen (%) - June 1972 
(tile-drained plots) 
pH 
pH 
pH 
Conductivity 
Conductivity 
Conductivity 
Carbon 
Carbon 
Carbon 
Nitrogen 
Nitrogen 
Nitrogen 
12 3 4 Overall 
average 
- 0-6 inches 6,23 6.22 
- 6-12 inches 6.23 6.39 
- 12-24 inches 6.43 6.40 
- 0-6 inches 320 362 
- 6-12 inches 340 321 
- 12-24 Inches 318 388 
- 0-6 inches 4.1919 4.0708 
- 6-12 Inches 2,8561 2.8743 
- 12-24 inches 1,3250 1.2009 
- 0-6 inches 0.2674 0.2920 
- 6-12 Inches 0.2128 0.2019 
- 12-24 inches 0.0852 0.0874 
6.42 6.42 6.32 
6.56 6.31 6.37 
6.64 6.49 6.49 
390 374 361.4 ^ 
369 283 328.9 g 
394 348 361.9 
4.1657 3.8718 4.0751 
3.0914 2.9667 2.9471 
1.7822 1.2968 1,4012 
0.2919 0,2411 0,2731 
0,2304 0,1816 0,2067 
0,1000 0.0979 0,0926 
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Table HI. Carbon (%) data - April 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 2.833 2.624 1.225 
1 1 3.225 2.995 1.151 
1 1 3.326 2.705 1.332 
1 2 3.556 4.117 3.464 
1 2 3.633 3.839 3.098 
1 2 4.113 3.465 2.121 
1 3 4.622 2.918 1.458 
1 3 4.435 4.339 2.076 
1 3 4.289 4.353 2.684 
1 4 3.096 2.401 1.059 
1 4 3.210 3.124 1.140 
1 4 3.550 3.042 1.831 
2 1 4.597 3.494 1.774 
2 1 3.760 3.805 1.288 
2 1 3.939 3.874 2.195 
2 2 4.561 4.541 2.858 
2 2 3.885 3.479 *** 
2 2 4.146 3.595 *** 
2 3 3.858 2.933 1.542 
2 3 3.864 3.834 2.665 
2 3 4.358 2.703 1.115 
2 4 4.821 4.270 2.663 
2 4 4.336 4.107 2.650 
2 4 4.896 3.895 2.256 
3 1 5.103 5.296 2.431 
3 1 5.286 5.315 3.212 
3 1 4.671 4.869 2.806 
3 2 3.494 3.083 2.185 
3 2 3.858 3.009 1.386 
3 2 3.434 *** *** 
3 3 5.399 5.224 1.562 
3 3 5.541 4.338 2.210 
3 3 4.621 3.398 1.237 
3 4 4.540 2.675 1.165 
3 4 4.140 2.406 1.293 
3 4 4.621 2.935 6.785 
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Table H2. pH dc.ta - April 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 6.3 6.0 5.9 
1 1 5.8 6.1 6.3 
1 1 6.6 5.6 5.9 
1 2 5.9 6.9 5.9 
1 2 5.6 5.6 6.9 
1 2 6.9 5.3 6.4 
1 3 5.7 5.7 5.6 
1 3 6.2 5.7 6.3 
1 - 3 5.9 6.0 6.2 
1 4 5.7 5.7 5.9 
1 4 6.4 6.0 6.5 
1 4 6.8 5.9 6.1 
2 1 5.9 5.4 6.0 
2 1 6.2 5.7 6.2 
2 1 6.4 6.6 6.5 
2 2 6.2 5.7 5.8 
2 2 6.8 5.5 *** 
2 2 7.2 6.5 *** 
2 3 . 5.7 6.0 5.9 
2 3 5.9 6.0 6.1 
2 3 7.0 6.4 6.3 
2 4 5.7 5.8 5.5 
2 4 6.0 6.1 5.8 
2 4 6.1 5.4 5.8 
3 1 7.4 6.7 6.2 
3 1 6.0 6.0 7.2 
3 1 5.9 5.6 5.9 
3 2 6.9 6.1 6.5 
3 2 6.5 5.8 6.2 
3 2 5.9 *** *** 
3 3 7.1 6.7 7.4 
3 3 7.2 6.9 5.8 
3 3 7.7 7.4 7.0 
3 4 7.5 7.2 7.4 
3 4 6.9 6.7 6.8 
3 4 6.0 5.9 6.0 
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Table H3. Conductivity data - April 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 143 141 127 
1 161 161 119 
1 159 85 70 
2 141 219 121 
2 141 189 162 
2 207 114 138 
3 158 149 132 
3 148 127 186 
3 188 139 199 
4 188 195 286 
4 209 250 239 
4 181 160 242 
1 146 118 121 
1 156 156 125 
1 204 174 113 
2 146 162 136 
2 272 150 *** 
2 213 205 *** 
3 140 174 173 
3 257 167 175 
3 191 165 183 
4 161 277 255 
4 207 173 259 
4 234 170 171 
1 182 194 168 
1 158 153 118 
1 172 120 101 
2 219 94 151 
2 153 129 197 
2 133 *** *** 
3 251 243 234 
3 260 330 360 
3 238 201 211 
4 275 188 239 
4 209 175 206 
4 159 211 222 
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Table H4. Total soil nitrogen - April 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.217 0.152 0.122 
1 1 0.238 0.156 0.139 
1 1 0.243 0.173 0.105 
1 2 0.275 0.280 0.166 
1 2 0.238 0.232 0.149 
1 2 0.268 0.252 0.155 
1 3 0.306 0.211 0.112 
1 3 0.309 0.214 0.098 
1 3 0.295 0.224 0.154 
1 4 0.208 0.199 0.100 
1 4 0.252 0.175 0.113 
1 4 0.263 0.211 0.119 
2 1 0.341 0.276 0.109 
2 1 0.323 0.255 0.115 
2 1 0.286 0.222 0.138 
2 2 0.404 0.264 0.171 
2 2 0.326 0.262 *** 
2 2 0.292 0.253 *** 
2 3 0.260 0.222 0.119 
2 3 0.406 0.237 0.158 
2 3 0.293 0.186 0.096 
2 4 0.317 0.310 0.175 
2 4 0.328 0.273 0.186 
2 4 0.316 0.293 0.141 
3 1 0.373 0.361 0.136 
3 1 0.358 0.297 0.245 
3 1 0.413 0.335 0.160 
3 2 0.253 0.193 0.066 
3 2 0.283 0.223 0.099 
3 2 0.269 *** *** 
3 3 0.449 0.411 0.123 
3 3 0.437 0.367 0.123 
3 3 0.385 0.259 0.097 
3 4 0.349 0.326 0.111 
3 4 0.326 0.301 0.088 
3 4 0.351 0.191 0.089 
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Table H5. Exchangeable potassium (ppm) data mean values - April 1973 
(tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 246 231 119 
1 2 345 348 56 
1 3 245 194 22 
1 4 446 281 148 
2 1 402 243 89 
2 2 263 216 35 
2 3 445 250 45 
2 4 360 415 126 
3 1 238 118 68 
3 2 282 267 96 
3 3 361 270 48 
3 4 350 230 51 
Table H6. Total nitrogen (%) data mean values - April 1973 (tile-
drained plots ) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.233 0.161 0.122 
1 2 0.260 0.257 0.156 
1 3 0.303 0.216 0.121 
1 4 0.241 0.195 0.111 
2 1 0.316 0.251 0.121 
2 2 0.341 0.260 0.171 
2 3 0.319 0.215 0.124 
2 4 0.320 0.292 0.167 
3 1 0.381 0.331 0.180 
3 2 0.269 0.208 0.083 
3 3 0.424 0.346 0.114 
3 4 0.342 0.272 0.096 
147 
Table H7. Soil carbon (%) data mean values - April 1973 
(tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 3.128 2.775 1.236 
1 2 3.767 3.807 2.894 
1 3 4.449 3.870 2.073 
1 4 3.290 2.856 1.343 
2 1 4.099 3.724 1.752 
2 2 4.197 3.872 2.858 
2 3 4.027 3.157 1.774 
2 4 4.684 4.091 2.523 
3 1 5.020 5.160 2.816 
3 2 3.595 3.046 1.786 
3 3 5.187 4.320 1.670 
3 4 4.434 2.672 3.081 
Table H8. pH data mean values - April 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 6.2 5.9 6.0 
1 2 6.1 5.9 6.4 
1 3 5.9 5.8 6.0 
1 4 6.3 5.9 6.2 
2 1 6.1 5.9 6.2 
2 2 6.7 5.9 5.8 
2 3 6.2 6.1 6.1 
2 4 5.9 5.7 5.7 
3 1 6.4 6.1 6.4 
3 2 6.4 6.0 6.4 
3 3 7.3 7.0 6.7 
3 4 6.8 6.6 6.7 
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Table H9. Conductivity (mlcromhos/cm) mean values - April 1973 
(tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 155 129 105 
1 2 163 174 140 
1 3 165 138 172 
1 4 193 202 255 
2 1 168 149 120 
2 2 210 173 136 
2 3 196 169 177 
2 4 200 207 228 
3 1 170 156 128 
3 2 168 111 174 
3 3 250 258 268 
3 4 215 191 222 
Table HIO. Analysis of variance for variable conductivity 
(12 inches to 24 inches) - 1972 
Source DF ^ F 
Blocks 2 3531.1 1.43 
Treatments 3 24488.2 9.93 
Error 6 2455.2 
Table Hll. Means of pH, conductivity (microrahos/cra), carbon (%), nitrogen (%), and 
exchangeable poLassium (ppm) - April 1973 (tile-drained plots) 
Overall 
average 
pH 
pH 
pH 
0-6 Inches 
6-12 Inches 
12-24 Inches 
6 . 2 6  
5.94 
6.19 
6.41 
5.90 
6 . 2 6  
6.47 
6 . 2 8  
6 .28  
6.32 
6.05 
6.18 
6.37 
6.05 
6.23 
Conductivity 
Conductivity 
Conductivity 
0-6 inches 
6-12 Inches 
12-24 inches 
165 
145 
118 
181 
158 
151 
204 
188 
206 
202 
199 
235 
187.9 
173.1 
179.9 
Carbon 
Carbon 
Carbon 
0-6 inches 
6-12 Inches 
12-24 inches 
4.0822 
3.8863 
1.9349 
3.8533 
3.6410 
2.5187 
4.5541 
3.7822 
1.8388 
4.1360 
3.2061 
2.3158 
4.1564 
3.6286 
2.1187 
Nitrogen 
Nitrogen 
Nitrogen 
0-6 Inches 
6-12 inches 
12-24 inches 
0.3100 
0.2475 
0.1410 
0.2899 
0.2456 
0.1343 
0.3488 
0.2589 
0.1198 
0.3010 
0.2533 
0.1247 
0.3124 
0.2515 
0.1296 
Ex. potassium 
Ex. potassium 
Ex. potassium 
0-6 inches 
6-12 Inches 
12-24 inches 
282 
198 
89 
297 
277 
67 
350 
237 
37 
385 
316 
103 
328 
256 
75 
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Table II. Carbon (%) analysis data - October 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 in 
1 1 2.738 2.697 1.289 
1 1 2.917 3.137 1.464 
1 1 2.849 2.131 1.544 
1 2 3.836 3.111 1.749 
1 2 4.194 4.236 2.537 
1 2 4.236 3.899 3.011 
1 3 4.720 4.084 2.019 
1 3 3.662 4.350 3.073 
1 3 4.575 3.703 1.819 
1 4 3.269 3.085 2.123 
1 4 3.431 3.349 1.871 
1 4 3.286 3.091 1.677 
2 1 2.281 3.235 0.918 
2 1 3.634 2.548 1.229 
2 1 5.221 3.163 1.159 
2 2 3.379 4.592 1.243 
2 2 3.555 4.563 1.025 
2 2 4.459 4.512 2.463 
2 3 4.293 3.025 1.945 
2 3 4.471 3.218 1.472 
2 3 4.018 4.037 2.015 
2 4 4.371 3.912 3.010 
2 4 3/373 3.132 2.370 
2 4 4.085 4.420 2.803 
3 1 3.239 6.669 3.290 
3 1 7.149 5.207 4.966 
3 1 4.950 4.810 *** 
3 2 2.741 2.206 0.985 
3 2 3.143 1.874 0.977 
3 2 2.887 2.068 0.921 
3 3 5.463 5.156 1.824 
3 3 5.453 3.684 2.327 
3 3 5.616 7.260 2.914 
3 4 4.370 2.429 0.646 
3 4 3.683 1.489 0.974 
3 4 4.028 3.115 0.622 
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Table 12. pH data - October 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 6.2 5.8 6.0 
1 1 6.8 6.0 6.1 
1 1 6.3 6.6 6.4 
1 2 6.1 6.0 5.7 
1 2 5.7 5.9 5.7 
1 2 5.5 5.7 6.3 
1 3 5.3 5.6 5.9 
1 3 5.9 5.5 5.9 
1 3 5.6 5.5 6.1 
1 4 5.7 5.9 6.4 
1 4 5.8 6.9 6.1 
1 4 6.0 6.1 6.5 
2 1 6.2 6.1 6.0 
2 1 6.3 6.1 6.6 
2 1 6.6 6.0 6.4 
2 2 6.2 5.3 5.6 
2 2 5.4 6.3 5.4 
2 2 5.9 5.6 5.4 
2 3 6.1 6.0 6.1 
2 3 6.4 6.1 5.8 
2 3 6.0 5.9 5.9 
2 4 5.8 5.6 6.0 
2 4 6.9 6.2 6.3 
2 4 5.9 6.0 6.0 
3 1 6.3 6.4 6.2 
3 1 6.6 7.1 6.9 
3 1 6.1 6.6 6.5 
3 2 6.8 6.5 6.3 
3 2 7.1 6.5 7.6 
3 2 6.2 6.0 6.7 
3 3 7.1 7.6 6.8 
3 3 6.8 7.5 7.5 
3 3 7.0 7.3 7.3 
3 4 6.6 7.2 7.2 
3 4 6.7 6.4 6.8 
3 4 6.6 6.6 6.7 
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Table 13. Conductivity (micromhos/cm) data - October 1973 (tile-
drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 ICQ 95 60 
1 1 138 110 78 
1 1 110 95 70 
1 2 260 180 100 
1 2 540 430 210 
1 2 790 540 400 
1 3 990 845 680 
1 3 920 860 665 
1 3 690 500 300 
1 4 920 360 200 
1 4 1000 450 600 
1 4 1150 950 650 
2 1 160 150 90 
2 1 180 135 108 
2 1 191 182 130 
2 2 184 92 40 
2 2 168 90 119 
2 2 232 178 150 
2 3 700 500 400 
2 3 800 450 400 
2 3 600 400 300 
2 4 900 920 630 
2 4 800 800 600 
2 4 720 630 480 
3 1 160 120 75 
3 1 170 210 95 
3 1 90 70 155 
3 2 70 160 120 
3 2 450 300 250 
3 2 300 300 300 
3 3 500 300 200 
3 3 1300 800 600 
3 3 1000 700 600 
3 4 900 600 350 
3 4 860 750 500 
3 4 520 400 250 
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Table 14. Total nitrogen (%) analysis data - October 1973 (tile-
drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.207 0.161 0.088 
1 1 0.154 0.199 0.100 
1 1 0.212 0.204 0.104 
1 2 0.246 0.233 0.181 
1 2 0.273 0.285 0.150 
1 2 0.309 0.261 0.133 
1 3 0.325 0.107 0.118 
1 3 0.280 0.281 0.118 
1 3 0.308 0.298 0.261 
1 4 0.184 0.139 0.053 
1 4 0.157 0.066 0.009 
1 4 0.228 0.185 0.066 
2 1 0.217 0.226 0.064 
2 1 0.213 0.116 0.068 
2 1 0.246 0.224 0.075 
2 2 0.232 0.207 0.059 
2 2 0.267 0.249 0.078 
2 2 0.323 0.268 0.045 
2 3 0.244 0.196 0.102 
2 3 0.282 0.213 0.055 
2 3 0.284 0.213 0.102 
2 4 0.316 0.316 0.143 
2 4 0.250 0.195 0.161 
2 4 0.285 0.285 0.132 
3 1 0.361 0.375 0.138 
3 1 0.381 0.355 0.085 
3 1 0.179 0.175 0.363 
3 2 0.178 0.157 0.086 
3 2 0.477 0.129 0.087 
3 2 0.219 0.169 0.059 
3 3 0.420 0.228 0.098 
3 3 0.429 0.221 0.103 
3 3 0.399 0.172 0.106 
3 4 0.331 0.205 0.070 
3 4 *** 0.178 0.080 
3 4 0.269 0.235 0.063 
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Table 15. Exchangeable potassium (ppm) data mean values - October 1973 
(tlle-drained plots) 
Block Treatment 0-6 inches 6-12 Inches 12-24 inches 
1 1 328 220 66 
1 2 570 524 147 
1 3 549 364 100 
1 4 479 794 259 
2 1 426 416 113 
2 2 386 268 48 
2 3 638 368 101 
2 4 807 456 352 
3 1 291 238 135 
3 2 442 291 53 
3 3 733 444 85 
3 4 545 320 109 
Table 16. Total nitrogen (%) data mean values - October 1973 (tile-
drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 0.191 0.188 0.098 
1 2 0.276 0.259 0.155 
1 3 0.304 0.228 0.166 
1 4 0.189 0.129 0.043 
2 1 0.225 0.188 0.069 
2 2 0.274 0.242 0.061 
2 3 0.270 0.207 0.087 
2 4 0.283 0.266 0.145 
3 1 0.307 0.302 0.195 
3 2 0.291 0.152 0.078 
3 3 0.416 0.207 0.102 
3 4 0.299 0.206 0.066 
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Table 17. Soil carbon. (%) data mean values - October 1973 Ctile 
drained plots) 
Block Treatment 0—6 inches 6-12 inches 12-24 inches 
1 1 2.835 2.655 1.432 
1 2 4.088 3.749 2.432 
1 3 4.319 4.046 2.304 
1 4 3.329 3.175 1.890 
2 1 3.712 2.982 1.102 
2 2 3.798 4.556 1.577 
2 3 4.261 3.427 1.811 
2 4 3.943 3.821 2.728 
3 1 5.113 5.562 4.128 
3 2 3.013 2.049 0.961 
3 3 5.511 5.367 2.355 
3 4 4.027 2.344 0.747 
Table 18. pH data mean values - October 1973 (tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 6.4 6.1 6.2 
1 2 5.7 5.9 5.9 
1 3 5.6 5.5 6.0 
1 4 5.9 6.3 6.3 
2 1 6.4 6.1 6.3 
2 2 5.8 5.7 5.5 
2 3 6.2 6.0 5.9 
2 4 6.2 5.9 6.1 
3 1 6.3 6.7 6.5 
3 2 6.7 6.3 6.8 
3 3 7.0 7.4 7.2 
3 4 6.6 6.7 6.9 
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Table 19. Conductivity (micromho s/cm) mean values - October 1973 
(tile-drained plots) 
Block Treatment 0-6 inches 6-12 inches 12-24 inches 
1 1 116 100 69 
1 2 530 383 237 
1 3 867 735 548 
1 4 1023 587 483 
2 1 177 156 109 
2 2 195 120 103 
2 3 700 450 367 
2 4 807 783 570 
3 1 140 133 108 
3 2 273 253 223 
3 3 933 600 467 
3 4 760 583 367 
Table 110. Means of pH, conductivity (mlcromhos/cm), carbon (%), nitrogen (%), and 
exchangeable potassium (ppm) - October 1973 (tile-drained plots) 
Overall 
12 3 4 average 
pH 
pH 
pH 
0-6 Inches 6.39 
6-12 Inches 6.29 
12-24 inches 6,33 
6.09 
5.97 
6.06 
6.24 
6.32 
6.35 
6.23 
6.33 
6.44 
6.23 
6.23 
6.30 
Conductivity 
Conductivity 
Conductivity 
0-6 inches 
6-12 inches 
12-24 Inches 
144 
130 
95 
332 
252 
188 
833 
595 
460 
863 
651 
473 
543.4 
407.0 
304.0 
Carbon 
Carbon 
Carbon 
0-6 inches 
6-12 inches 
12-24 inches 
3.8863 
3.7332 
1.9824 
3.6332 
3.4514 
1.6569 
4.6968 
4.2798 
2.1565 
3.7662 
3.1136 
1.7884 
3.9956 
3.6444 
1.8935 
Nitrogen 
Nitrogen 
Nitrogen 
0-6 inches 
6-12 Inches 
12-24 inches 
0.2411 
0.2259 
0.1206 
0.2804 
0.2177 
0.0979 
0.3303 
0.2142 
0.1183 
0.2523 
0.2004 
0.0871 
0.2767 
0.2145 
0.1065 
Ex. potassium 
Ex. potassium 
Ex. potassium 
0-6 Inches 
6-12 inches 
12-24 Inches 
348.6 
291.6 
105.0 
475.9 
361.1 
82.7 
639.5 
392.6 
95.6 
610.4 
523.4 
240.6 
523.2 
392.2 
130.9 
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Table 111. Analysis of variance for conductivity (0"-6") 
October 1973 
Source DF ÎK F 
Blocks 2 83623.6 2.19 
Treatments 3 1170244.3 30.79 
Error 6 38011.1 
Table 112. Analysis of variance for conductivity (12"-24") -
October 1973 
Source DF MS F 
Blocks 2 8208.1 0.37 
Treatments 3 330357.8 15.08 
Error 6 
Table 113. Analysis of variance for conductivity (6"-12") — 
October 1973 
Source DF ÎK F 
Blocks 2 18320.3 0.40 
Treatments 3 587412.5 12.92 
Error 6 45454.9 
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Table 114. Analysis of variance for total nitrogen (0"-6") -
October 1973 (tile-drained plots) 
Source DF MS F 
Blocks 2 0.0255 6.02 
Treatments 3 0.0141 3.32 
Error 6 0.0041 
Table 115. Analysis of variance for exchangeable potassium (0"-6") -
October 1973 (tile-drained plots) 
Source DF MS F 
Blocks 2 36130.1 0.92 
Treatments 3 165278.5 4.22 
Error 6 39178.9 
Table 116. Analysis of variance for exchangeable potassium 
(12"-24") - October 1973 (tile-drained plots) 
Source DF tG F 
Blocks 2 11552.8 0.74 
Treatments 3 48812.5 3.12 
Error 6 15624.3 
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APPENDIX J: SOIL ANALYSIS DATA WEST PLOTS, OCTOBER 1972 
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Table Jl. pH, conductivity (oicromhos/cm), nitrogen (%), carbon (%), 
and exchangeable potassium (ppm) 
Treat- Conduc- Exchangeable 
Block ment pH tivity Nitrogen Carbon potassium 
1 1 5.8 155 0.265 4.220 68 
1 1 6.3 *** 0.217 4.820 93 
1 1 6.4 124 0.259 3.750 91 
1 1 5.4 *** 0.263 3.970 123 
1 1 6.3 *** 0.277 4.140 151 
1 2 5.4 375 0.304 5.030 409 
1 2 5.8 394 0.325 4.940 4lb 
1 2 5.4 394 0.184 4.420 422 
1 2 5.5 336 0.328 4.950 432 
1 2 5.4 351 0.331 4.530 375 
1 3 7.2 232 0.361 3.960 238 
1 3 7.3 256 0.359 3.750 427 
1 3 6.8 225 0.351 3.730 346 
1 3 6.6 247 0.331 4.220 295 
1 3 6.7 225 0.320 3.820 339 
1 4 6.5 390 0.294 3.850 363 
1 4 6.6 337 0.248 2.940 495 
1 4 6.9 412 0.338 2.970 465 
1 4 6.3 337 0.293 3.320 478 
1 4 6.9 511 0.349 1.870 547 
1 5 6.8 174 0.285 3.980 332 
1 5 7.2 185 0.345 4.000 365 
1 5 6.7 185 0.347 3.230 229 
1 5 6.6 158 0.330 2.680 415 
1 5 7.0 *** 0.308 4.040 406 
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Table Jl. (continued) 
Treat- Conduc- Exchangeable 
Block ment gH tivity Nitrogen Carbon potassium 
1 6 7.5 179 0.197 *** 446 
1 6 7.4 343 0.204 2.840 416 
1 6 *** *** *** 2.760 490 
1 6 *** *** *** 2.910 *** 
1 6 7.0 *** *** 3.140 *** 
2 1 6.8 97 0.275 5.490 102 
2 1 5.6 183 0.344 5.070 100 
2 1 6.2 171 0.334 5.720 110 
2 1 *** *** 0.329 4.380 94 
2 1 6.7 *** 0.331 4.560 81 
2 2 6.9 330 0.283 3.480 378 
2 2 6.3 300 0.285 3.750 404 
2 2 6.5 294 0.284 3.440 it 
2 2 5.3 256 0.291 4.080 48b 
2 2 5.9 345 0.278 4.110 490 
2 3 6.2 149 0.353 5.330 309 
2 3 6.5 252 0.318 3.780 431 
2 3 6.6 209 0.356 4.890 445 
2 3 7.6 120 0.334 4.520 328 
2 3 6.6 *** 0.334 4.790 82 
2 4 6.6 207 0.409 6.150 558 
2 4 6.7 480 0.390 5.730 529 
2 4 7.0 251 0.375 5.760 567 
2 4 6.5 *** 0.307 3.890 526 
2 4 *** *** *** *** 561 
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Table Jl. (continued) 
Treat- Conduc- Exchangeable 
Block ment gE tivity Nitrogen Carbon potassium 
2 5 7.1 247 0.390 5.140 278 
2 5 6.6 172 0.368 4.900 198 
2 5 6.7 161 0.336 3.620 163 
2 5 7.4 353 0.355 4.690 188 
2 5 7.4 368 0.374 3.540 371 
2 6 6.2 371 0.383 4.030 541 
2 6 6.5 371 0.317 3.650 440 
2 6 6.4 153 0.329 4.150 520 
2 6 7.1 441 0.305 3.560 591 
2 6 6.4 *** 0.329 4.590 483 
3 1 6.2 115 0.365 4.740 156 
3 1 6.3 153 0.375 4.480 233 
3 1 5.9 147 0.361 5.080 186 
3 1 6.0 110 0.401 5.050 276 
3 1 6.3 159 0.378 4.670 *** 
3 2 5.3 353 0.339 4.070 210 
3 2 5.5 292 • 0.366 4.400 468 
3 2 5.4 314 0.374 4.850 515 
3 2 5.6 385 0.371 4.380 396 
3 2 5.9 305 0.355 4.140 451 
3 3 6.1 127 0.375 4.840 369 
3 3 6.2 159 0.386 6.030 *** 
3 3 5.8 154 0.333 6.020 161 
3 3 5.8 141 0.373 3.730 244 
3 3 5.9 151 0.376 5.220 291 
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Table Jl. (continued) 
Treat- Conduc- Exchangeable 
Block ment gE tivity Nitrogen Carbon potassium 
3 4 5.4 266 0.378 5.450 501 
3 4 5.6 214 0.338 5.190 496 
3 4 5.3 292 0.356 3.520 496 
3 4 5.3 257 0.385 5.250 773 
3 4 5.4 242 0.364 5.370 597 
3 5 6.0 158 0.315 4.140 225 
3 5 6.2 125 0.356 5.000 343 
3 5 6.2 159 0.378 2.680 439 
3 5 6.1 162 0.365 4.720 240 
3 5 6.2 221 0.310 5.370 278 
3 6 6.9 279 0.296 2.980 491 
3 6 6.0 248 0.305 3.410 401 
3 6 6.1 273 0.320 3.200 453 
3 6 *** *** 0.396 2.960 496 
3 6 *** *** *** *** 420 
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Table J2. Total nitrogen (%), carbon (%), and pH data mean values 
October 1972 
Block Treatment Nitrogen (%) Carbon (%) pH 
1 1 0.256 4.180 6.0 
1 2 0.294 4.774 5.5 
1 3 0.344 3.896 6.9 
1 4 0.304 2.990 6.6 
1 5 0.323 3.570 6.9 
1 6 0.201 2.913 7.3 
2 1 0.321 5.024 6.3 
2 2 0.284 3.772 6.2 
2 3 0.339 4.662 6.7 
2 4 0.370 5.383 6.7 
2 5 0.365 4.378 7.0 
2 6 0.333 3.996 6.5 
3 1 0.376 4.804 6.1 
3 2 0.361 4.368 5.5 
3 3 0.369 5.168 6.0 
3 4 0.364 4.956 5.4 
3 5 0.345 4.382 6.1 
3 6 0.329 3.138 6.3 
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Table J3. Conductivity (micronihos/cm) and exchangeable potassium data 
mean values - October 1972 
Exchangeable 
Block Treatment Conductivity potassium 
(micromhos/cm) (ppm) 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
140 
370 
237 
397 
175 
261 
150 
305 
183 
313 
260 
334 
137 
330 
146 
254 
165 
267 
105 
411 
329 
455 
349 
466 
97 
450 
368 
555 
240 
515 
146 
408 
245 
607 
305 
452 
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Table J4. Treatment means of pH, conductivity (micromhos/cm), carbon 
(%), nitrogen (%) and exchangeable potassium (ppm) -
October 1972 
pH 6.2 5.7 6.5 6.2 6.7 6.7 
Conductivity 141 335 189 323 202 295 
Carbon 4.6693 4.3047 4.5753 4.3757 4.1100 3.3985 
Nitrogen 0.3175 0.3132 0.3509 0.3446 0.3441 0.3074 
Exchangeable 
potassium 116 423 314 539 298 478 
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Table J5. Analysis of variance for pH - west plots 1972 
Source DF ^ F 
Blocks 2 3.960 7.44 
Treatments 5 1.919 3.61 
Error 10 0.532 
Table J6. Analysis of variance for conductivity - west plots 1972 
Source DF F 
Blocks 2 33977.3 6.41 
Treatments 5 79540.9 15.01 
Error 10 5297.8 
Table J7. Analysis of variance for exchangeable potassium -
west plots 1972 
Source DF MS F 
Blocks 2 2446.0 0.17 
Treatments 5 346505.1 23.52 
Error 10 14730.7 
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APPENDIX K: WATER QUALITY DATA (1964-1973) 
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Table Kl. Chemical oxygen demand - Unit K anaerobic lagoon data 
monthly average 1965-1965 and 1968-1973 
Month 
Year 
1964 1965 1968 1969 1970 1971 1972 1973 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
*** 
*** 
1150 
*** 
1170 
1605 
1610 
1225 
857 
833 
805 
*** 
748 
1083 
1182 
923 
1101 
737 
669 
408 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
837 
572 
445 
265 
*** 
*** 
*** 
*** 
*** 
*** 
2140 
1508 
753 
952 
633 
830 
1081 
*** 
*** 
*** 
*** 
*** 
950 
*** 922 
*** *** 
*** 
*** 
*** 
*** 
*** 
*** 
1520 
1175 
1505 
1262 
1128 
*** 
*** 
*** 
1240 
942 
1065 
1365 
1405 
*** 
*** 
*** 3255 
*** *** 
900 
1159 
1348 
*** 
1730 
1737 
1728 
*** 
*** 1850 
*** *** 
*** *** 2680 
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Table K2. Kjeldahl nitrogen - Unit K anaerobic lagoon data -
monthly average 
Year 
Month 1968 1969 1970 1971 1972 1973 
January *** *** *** *** *** *** 
February *** *** *** 250 *** *** 
March *** *** *** 250 *** *** 
April *** 473 *** *** *** *** 
May *** 463 476 356 *** *** 
June 373 510 482 456 492 599 
July 332 292 524 372 496 310 
August 281 261 320 386 363 301 
September 239 243 266 412 *** *** 
October *** 230 *** *** *** 441 
November *** *** *** *** *** 586 
December *** *** *** *** *** 673 
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Table K3. Chloride - Unit K anaerobic lagoon data -
monthly average 
Year 
Month 1968 1969 1970 1971 1972 1973 
January *** *** *** *** *** *** 
February *** *** *** 252 *** *** 
March *** *** *** 234 *** *** 
April *** 157 *** *** *** *** 
May *** 179 157 202 *** *** 
June 108 173 183 204 326 245 
July 105 127 187 178 354 245 
August 115 109 156 218 333 271 
September 114 131 151 228 *** *** 
October *** 121 *** *** *** 266 
November *** *** *** *** *** 244 
December *** *** *** *** *** X98 
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Table K4. pH - Unit K anaerobic lagoon data -
monthly average 
Year 
Month 1968 1969 1970 1971 1972 
January 
February *** *** *** 7,6 
March 
April 
*** *** *** *** *** 
*** 
*** *** *** 7.4 *** 
*** *** *** *** *** 
May *** *** 7.4 7.4 *** 
June 7.5 7.6 7.5 .7.2 7.3 
July 7.6 7.8 7.5 7.5 7.4 
August 8,2 7.8 7.7 7.6 *** 
September *** 7.6 *** 7.6 *** 
October *** *** *** *** *** 
November *** *** *** *** *** 
December *** *** *** *** *** 
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Table K5. Total phosphorus - Unit K anaerobic lagoon data -
monthly average 
Year 
Month 1968 1969 1970 1971 1972 1973 
January *** *** *** *** *** *** 
February *** *** 92 *** *** 
Marph *** *** *** 83 *** *** 
*** 78 *** *** *** *** 
May *** 118 75 59 *** *** 
June 74 *** 65 83 63 71 
July 76 *** 64 82 75 79 
August 72 59 77 88 62 43 
September ** 80 *** 80 *** *** 
October *** 62 *** *** *** 81 
November *** *** *** *** *** *** 
December *** *** *** *** *** 92 
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APPENDIX L: DATA AND CALCULATIONS RELATED TO NUTRIENT 
AND ORGANIC MASS IN LAGOON LIQUID AND SLUDGE 
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Table LI. Description of physical appearance of sludge, sludge depth 
and liquid depth - Unit K lagoon. Swine Nutrition Station, 
Iowa State University, Ames, Iowa 
Grid 
identi­
fication 
Physical appearance 
Sludge 
depth 
(inches) 
Liquid 
depth 
(inches) 
lA Hog hair and fine com hulls 16.5 46.0 
IB Hog hair and fine com hulls 20.0 60.0 
IC Hog hair and fine com hulls 26.0 58.0 
2A Hog hair and fine com hulls 24.0 57.0 
2B Hog hair and fine com hulls 19.0 67.0 
2C Hog hair and fine com hulls 13.5 56.0 
3A Hog hair and fine corn hulls 25.0 57.0 
3B Hog hair and fine com hulls 17.5 55.0 
3C Lot of hog hair 21.0 58.5 
4A Hog hair and fine com hulls 23.0 59.5 
4B Hog hair and fine com hulls 15.5 64.0 
4C Hog hair and more com hulls 19.0 63.0 
5A Hog hair and fine com hulls 11.0 128.0 
5B A lot of hair • and undigested com hulls 20.0 127.0 
5C Big chunks of • com 11.0 126.0 
5D Undigested com hulls 10.0 122,0 
5E Undigested corn hulls 13.0 89.0 
6A Hog hair and fine com hulls 16.0 127.0 
6B A lot of hair and com hulls 22.5 130.5 
6C — 0 — 
6D Hog hair and com hulls 23.0 130.0 
6E Fine particles at bottom, coarse hulls at top 18.0 89.0 
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Table LI. (continued) 
Grid 
identi­
fication 
Physical appearance 
Sludge Liquid 
depth depth 
(inches) (inches) 
7A 
7B 
7C 
7D 
7E 
Hog hair, fine particles at bottom and 
coarse particles at the top 
Very fine particles 
Fine particles 
Fine particles 
4.0 
1.5 
0 
7.0 
11.0 
84.0 
86.0 
66.0 
70.5 
58.0 
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Table L2. pH, COD, TKN, and total PO4 values of anaerobic lagoon 
sludge at Unit K, Swine Nutrition Station, Iowa State 
University, Ames, Iowa 
Grid 
identi­
fication 
pH COD 
(mg/2) 
TKN 
(mg/£-N) 
Total PO, 
(mg/£) 
A1 7.64 49751 4375 —— 
B1 7.41 72968 5021 2479 
CI 7.45 72967 4265 3450 
A2 7.31 59701 4550 1667 
B2 7.26 82918 4387 3200 
C2 8.07 36484 4256 — 
A3 7.42 59701 3808 — 
B3 7.39 79601 5161 4513 
C3 7.93 38142 4251 8500 
A4 7.28 ' 66334 4303 — 
B4 7.87 64651 4708 3450 
C4 7.85 38142 3892 4250 
A5 7.85 37333 3024 5100 
B5 7.90 55667 3705 — 
C5 7.95 50908 2745 — 
D5 7.86 28339 2996 5300 
E5 7.89 48900 3333 — 
A6 8.08 36070 3089 4267 
B6 — 33738 2473 — 
C6 
D6 7.80 
no sample 
53068 2292 2291 
E6 7.80 45333 3064 2000 
A7 8.05 27084 1876 8300 
B7 8.30 22994 2044 6700 
C7 
D7 7.90 
no sample 
31009 2744 5000 
E7 8.10 25667 2828 5700 
Average 7.77 48698.8 3575 4480 
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Table L3. Selected solids analysis of sludge at 
Unit K, Swine Nutrition Station, 
Iowa State University, Ames, Iowa 
% TS % VS 
7.155 2.756 
7.498 3.066 
6.659 2.917 
6.459 2.697 
5.250 2.414 
Average 6.6 2.8 
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Calculations Relating to Sludge and Lagoon Liquid 
Tables in the text contain the data used in these calculations. 
The sludge depth in the shallow cell is 20 inches and the depth in the 
deep cell is 10.4 inches. Volumes and masses of various nutrients 
under consideration are then calculated as follows: 
Shallow cell volume 
207' X 116' X 4' = 87,768 ft 3 
Deep cell volume 
66' X 116' X 8' = 55,768 ft 3 
Total volume = 143,736 ft 3 
or 1,078,020 gallons 
Sludge volume - shallow cell 
X 21,942 ft^ = 36,570 ft^ 
Sludge volume - deep cell 
X 6,996 ft^ 6,063 ft 3 
Total sludge volume 42,633 ft 3 
or 319,749 gallons of sludge 
Mass of Nitrogen in Sludge 
0.319 X 8.33 X 3,575 = 9,520 Ib.N 
Mass of Nitrogen in Liquid 
0.758 X 8.33 X 574 3,625 Ib.N 
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Mass of Phosphorus in Sludge 
0.319 X 8.33 X 1,493 = 3,976 lb. P 
Mass of Phosphorus in Liquid 
0.758 X 8.33 X 75 = 473 lb. P 
Mass of COD in Sludge 
0.319 X 8.33 X 48,698 = 129,688 lb. 
Mass of COD in Liquid 
0.758 X 8.33 X 1,731 = 10,933 lb. 
Summary of Organic Matter and Nutrient Mass in Unit K Anaerobic Lagoon 
Parameter Lb. in sludge Lb. in liquid % in sludge 
COD 129,688 10,933 92 
N 9,520 3,625 72 
P 3,976 473 89 
183 
APPENDIX M: PROCEDTJRES FOR WATER QUALITY ANALYSES AND SOIL ANALYSES 
Chemical Oxygen Demand — WATER ANALYSES 
The COD determination procedure described in Standard Methods 
(1971) was followed. Sample sizes varied according to the estimated 
strength of the liquid being analyzed. 
Kjeldahl Nitrogen 
The procedure outlined in Standard Methods (1971) was used. 
Ammonia was not removed. 
Ammonia Nitrogen 
Ammonia nitrogen was done by steam distillation according to 
Brenner and Keeney (1965). Distillation was continued until 40 ml 
of distillate was collected. A 20 ml sample was used, and the 
distillate was titrated with 0.02N sulfuric acid. 
Nitrate + Nitrite Nitrogen 
The steam distillation method described by Brenner and Keeney 
(1965) was modified as described under ammonia nitrogen. Three drops 
of concentrated sodium hydroxide were also added to the sançle. 
Total Phosphorus 
The method described by Murphy and Riley (1962) was used. 
Reagents distributed by Each Chemical Company were used. All samples 
were diluted to contain 0 to 1 mg/1 of total P before digestion. 
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Chloride 
The Mohr method described in Standard Methods (1971) was followed. 
Diphenylcarbazine indicator buffer powder prepared by Each Chemical 
Con^any, Ames, Iowa, was used as the indicator. 
m 
Determination of pH were made with a Model H2 Beckman pH meter. 
The meter was calibrated using standard buffer solutions of pH 4, 7, 
and 10. 
Electrical Conductivity 
Conductivity determinations were made as described by Bower and 
Wilcox (1965), 
Nitrogen — SOIL ANALYSES 
Total soil nitrogen was determined by a kjeldahl method modified 
to include nitrate (Chapman and Pratt, 1961). Sodium thiosulfate was 
added and the samples were gently heated for 5 minutes to reduce 
nitrate to ammonium. All samples were digested for 6 hours. 
Carbon 
A wet combustion method (Bear, 1955) that recovers 80 to 85 
percent of the active carbon in the soil was used. Ten milliters of 
potassium dichromate was used and the sançle size varied from 0.5 to 
3.0 grams depending on estimated carbon content. 
185 
pH 
Soil pH was determined by mixing 50 milliters of dry soil with an 
equal volume of distilled water. The mixture was allowed to stand for 
30 minutes, and the pH of the mixture was then determined. 
Conductivity 
The soil sample was analyzed for electrical conductivity 
according to Bower and Wilcox (1965). 
Exchangeable Potassium 
Exchangeable potassium was extracted from the soil by using 
10 milliters of ammonium acetate. All samples were filtered using a 
number 42 Whatman filter pater and analyzed with a flame photometer 
(Pratt, 1965). 
